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1. Introduction
1.1. Definitions

The gas phase basicity and proton affinity of a
molecule, M, are both defined in terms of the
hypothetical reaction:

M + H* — MH". )

The gas phase basicity is the negative of the free energy
change associated with this reaction, while the proton
affinity is the negative of the corresponding enthalpy
change.

1.2. Proton Affinities and Gas Phase Basicities:
An Overview

Proton transfer reactions are of considerable
importance in chemistry. Acid-base reactions have been
studied extensively in solution for decades, but it is only
in the past twenty years or so that experimental
techniques have been devised to permit the quantitative
study of the thermochemistry of proton transfer
reactions in the gas phase. Particularly in the years
since 1971, when the first gas phasc ion-molccule
equilibrium studies on proton transfer appeared, there
has been a burgeoning of data in the literature, and
consequently, a great interest in using information from
such gas phase studies to  distinguish between the
chemical effects of solvation and the effects of intrinsic
molecular properties. To date, although several
excellent reviews of this active field of research have
appeared'”’, and two unevaluated compilations of data
are available®®, there was, until the current publication,
no single reference which presented a comprehensive
collection of data on gas phase proton atfinities
evaluated for internal consistency.

The vast majority of proton affinities presented
here are hased on measurementis of the equilibrium
constants of gas phase proton transfer reactions:

MH* + N = NH" + M )

where:
“RT In K,, = AGg, = AHg, TAS,, (3
and the equilibrium constant for reaction 2 is obtained
from a mass spectrometric observation of the relative

abundances of equilibrated ions, MH™ and NH", in a
mixture of known composition of compounds M and N:

K., = [NH")/[MH"}MJ/[N] @

The observed equilibrium constant of reaction 2
directly leads to a value for the Gibbs free energy
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change of reaction, which represents the relative gas
phase basicities of compounds M and N; if the entropy
change of the reaction is determined, or can be reliably
estimated, a value for the enthalpy change of reaction,
or relative proton affinity, is obtained. Thus, the
extensive scales of data presented here based on
equilibrium constant measurements provide relative gas
phase basicities and relative proton affinities, but do not
directly give any information about absolute values of
proton affinities, i.e., about the actual enthalpy changes
of reaction 1 for the various compounds. Absolute
values must be assigned based on some comparison
standard incorporated in the thermochemical ladder for
which heats of formation of both M and MH* are
independently available. These species will necessarily
be limited to those for which an MH™ ion of known
structure can be generated in a mass spectrometer, sO
that a reliable independent gas phase heat of formation
will be known.

Thus, it must be emphasized that for data derived
from equilibrium constant measurements, absolute
values for proton affinities cited by authors depend on
the proton affinity value selected for a comparison
standard, and these may vary considerably from year to
year, and from paper to paper. (For example, proton
affinities varying from 202 kcal/mol to 210 kcal/mol
have been cited for ammonia, which is often used as a
comparison standard for scales of proton affinities).
Although researchers working in the field are usually
acutely aware of these arbitrary fluctuations in absolute
values assigned to gas phase proton affinities, workers
in related fields who seek to use these data often fall
unwarily into the trap of using proton affinities from the
literature without realizing that the experimental results
actually lead only to relative thermochemical
relationships, and that the absolute values assigned to
proton affinities may have changed because of
subsequent re-evaluations of the thermochemistry of a
primary standard. The current publication seeks to
provide a complete and internally-consistent set of gas
phase proton affinity values based mainly on the vast
body of data generaled by equilibrium constant
measurements, and to assign absolute values io the
resulting proton affinity scale using the best current
information about the thermochemistry of positive jons,
imposing the requirement of internal consistency.

2. Types of Experiment Leading to
Proton Affinity/Gas Basicity Data

In this compilation, as discussed above, most of
the information is derived from scales of relative values
for the gas basicities and proton affinities, based on (1)
measurements of equilibrium constants of proton
transfer reactions, or (2) use of the so-called
“bracketing” technique. Absolute values are assigned to
the scale using certain primary standards (discussed in



GAS PHASE BASICITIES AND PROTON AFFINITIES OF MOLECULES

detail below), whose position in the proton affinity scale
is known and for which well-established values of the
heats of formation of both M and MH™ are available.

2.1. Absolute Proton Affinity Values from
lonization Thresholds

Experiments in which the heat of formation of
MH™ is determined lead directly to values for the
proton affinity when combined with a heat of formation
- of the corresponding neutral molecule, M. If MH is a
sufficiently stable species that it can be introduced into
a mass spectrometer or be generated in situ, or if MH*
exists as a fragmentation product from some larger
molecular species, absolute values for the heat of
formation of MH* may be obtained through determina-
tions of the ionization potential of MH:

MH — MH* + e, 6))

or the appearance potential of MH' from a larger
molecule:

N — MH* + A + e ©)

Because the heats of formation of MH" are known
from ionization potential or appearance potential deter-
minations, such “absolute” proton affinity determina-
tions are labelled “Threshold Value” in Table 1. Such
absolute values for proton affinities are available for
only a very few species of the 780 compounds on which
data is reported here, largely because in most cases the
neutral MH molecule does not exist, and the energetics
of formation of an MH* ion of the required structure in
ionic fragmentation processes is not reliably established.

2.2. Proton Affinity Values from Thermochemical
Information Derived from Hydride Transfer
Equllibrium Constant Determinations

Values for heats of formation of a number of
carbonium ions, CMH,,,*. are known from
measurements of hydride transfer equilibrium constants
in alkane mixtures:

CH,, " + CH,,,, = CH,,, + C.H,,..t (D
In systems for which the heats of formation of three
reactant species have been independently established,
the heat of formation of the fourth can be determined.
Since a knowledge of the heat of formation of the
C,H,,..;* carbonium ion can be used to calculate an
absolute proton affinity value for the corresponding
olefin, C,H,,, several values based on hydride transfer
equilibria are also included in the compilation; the heats
of formation of ions from such experiments are all
related to the heat of formation of the tert-butyl ion as
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a primary standard. (See below for a discussion of the
heat of formation of this standard.)

2.3. Relative Gas Basicity Values from Proton
Transfer Equilibrium Constants

During the past decade, there has been extensive
use of gas phase ion-molecule equilibrium constant
measurements to establish the relative basicities of
chemical compounds in the absence of solvent effects.
In these studies, carried out in a number of laboratories
using mainly high pressure mass spectrometry, ion
cyclotron resonance spectroscopy, and flowing
afterglow experiments, the equilibrium constants
associated with proton transfer reactions such as (2) are
measured, yielding the relative gas basicities of M and
N from the free energy change associated with the
reaction at a given temperature (Eq. 3). If assumptions
arc made about the entropy changes associated with
reaction 2, or if experimental determinations of the
entropy change have been made (Sec. 3.1.1), values for
relative gas phase basicities obtained in this way can be
translated into scales of relative proton affinities.
Although these equilibrium constants are determined
mass spectrometrically at pressures of 10 torr to
approximately 1 torr, there is abundant evidence'” that
thermodynamic equilibrium is achieved in this type of
experiment.

2.4. Relative Gas Basicity/Proton Affinity Values
from “Bracketing”

There are certain species for which measurements
of equilibrium constants for proton transfer reactions
are difficult or impossible. These include free radicals
and species for which the MH" ion undergoes fast
reactions with M or alternate reaction channels with N.
In these cases, the basicity is usually estimated using the
technique known as “bracketing™. In this approach, one
reacts MH* with a series of bases, observing whether
or not proton transfer occurs: ’

MH* + B, » BH* + M, (8)
MH?* + B, — No proton transfer. )

The basicity of M is assumed to lie between those of B,
and B, and where these species have known gas
basicity values, a value can be assigned to M. Results
obtained through bracketing experiments are generally
less reliable than those obtained through other methods
because of numerous possible complications. For
instance, exothermic proton transfer reactions some-
times do not occur when there is an energetically favor-
able alternate channel open to the reactants. Further-
more, endothermic proton transfer reactions can be
observed if the reaction has a negative Gibbs free
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energy change, or if the reaction is not endothermic by
more than ~8 kJ/mol (~2 kcal/mol). Finally, if there
are several isomeric structures of B;H", the observed
proton transfer reaction may involve a rearrangement
of the B, or BJH" species in the reaction complex to a
more stable structure, so that the observed “bracketing”
does not necessarily reflect the thermochemistry of a
straightforward or even unique proton transfer reaction.

2.5. Other Sources of Proton Affinity/Gas
Basicity Data

The compilation includes a few pieces of data
originating from measurements which do not fall into
any of the above categories. Quantitative information
about relative proton affinities has been obtained
through the determination of the energy barrier
associated with endothermic proton transfer reactions
through an Arrhcnius trcatment of the temperature
dependence of the rate constants. Also, determinations
of the equilibrium constants of processes such as:

B + AH'" = ABH" (10)

lead to values of heats of formation of the condensation
or association ions, ABH™, if the heats of formation of
AH™" and B are known; this information can then be
used to derive the proton affinity of AB.

Qualitative information about relative proton
affinities has been derived from observations of the
modes of dissociation of (ABH)™" ions into (AH* + B)
or (BH* 4 A); a semi-quantitative relationship
between the ratios of the two product ions and relative
proton affinities has been reported'.

3. Description of the Evaluation

3.1. Thermodynamic Ladders

In the compilation of gas phase basicity and
proton affinity data presented here, the available
thermodynamic ladders giving relative gas phase
basicities of series of compounds were made the initial
basis for the evaluation, using consistency between sets
of data from different laboratories and matching of the
intervals of the scale with those predicted from widely
separated primary standards as the criteria for
judgement. To minimize problems due to uncertainties
in the temperature at which measurements were made,
the thermodynamic ladders were related to as many
local standards over the course of the scale as possible.
Results obtained from “bracketing” experiments were
then related to the evaluated scale. A specific example
of this procedure and the mode of presentation in Table
1 is given in Sec. 5.1. Finally, the experimentally-
determined scale of relative gas basicities was translated
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into a scale of proton affinities by evaluating the
entropy change associated with reaction 1.

3.1.1. Entropy Changes

For most polyatomic species, the entropy change
of the half reaction (M — MH™) was estimated by
making the usual simplifying assumption'” that this
quantity can be adequately approximated by the
expression:

AS = R In[o(M)/o(MH")] (11)

(where oo(M) and o(MH™*) are the rotational symmetry
numbers of M and MH™). The use of this expression is
obviously inexact, in some cases enough so that a more
exact calculation of the entropy change from the
complete partition function is warranted. This is
especially true for species in which internal rotations
are lost or gained upon protonation, or in which there is
a significant difference in the moments of inertia of the
protonated and unprotonated species. In such cases, the
entropy change was calculated from the complete
partition function. In all cases for which experimental
entropy change determinations of reaction 2 have been
made, the experimental results were made the basis of
the evaluation of the relevant entropy changes.

3.1.2. Temperature

Several of the data sets constituting the backbone
thermodynamic ladder for Table 1 are very extensive,
covering energy ranges of up to 300 kJ/mol (72
kcal/mol). Uncertainties of only a few percent in the
operating temperature used in the original experiments
may translate into differences of tens of kJ (or several
kcal) in the absolute values assigned to gas basicities or
proton affinities when applied across such an energy
range relative to a single absolute standard. One must
be particularly aware of this problem in dealing with
data sets from ion cyclotron resonance experiments
originally reported to have been carried out at “300 K.
More recent work has shown that unless special
precautions are taken, the operating temperature of an
ICR cell at “ambient” temperature is higher than 300 K
by 20 to 50 degrees. In such cases, the free energy
changes originally calculated from the observed
equilibrium constant (Eq. 3) have been corrected by
multiplying by T(corrected)/300. Where such changes
in the original data have been made, the magnitude of
the correction factor is indicated in the notes under the
literature citation. A comparison of data from these sets
with analogous results from experiments in which the
temperature was measured generally confirms that the
magnitudes of these corrections are at least
approximately correct. (It is obvious that for the data
sets considered here, the distinction between “300 K”
and the temperature corresponding to STP conditions,
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298.15 K, is essentially irrelevant; the two numbers, 298
and 300, will be used in this discussion and in the tables
essentially interchangably, depending mainly on which
number was used in a particular paper.)

3.2. Assignment of Absolute Values to the Scale:
Reference Standards

Although absolute values have been assigned to
the relative proton affinity scale here, these values can
be considered really well-established only for the lower
part of the scale (i.e., for proton affinities lower than
about 750 kJ/mol or 180 kcal/mol), which is based on
numerous primary comparison standards. The upper
part of the scale is based primarily on the proton
affinity of isobutene, which in turn depends on the heat
of formation of the tert-butyl ion; other standards,
which appear to give a consistent assignment to the
scale, are ketene and ammonia. However, none of these
standards can be considered to have a firmly-enough
established proton affinity that it can be stated with
certainty that future variations in absolute assignments
will not occur.

To minimize problems due to uncertainties in the
temperature, long thermodynamic ladders have been
related to as many local standards over the course of
the scale as possible. In such cases, the same data are
listed twice in Table 1, once as originally reported and
a second time in evaluated form, as described in more
detail in Sec. 5.1. Similarly, in the single thermo-
dynamic ladder available for the low end of the scale
(H, to C,Hy), in agreement with an evaluation of these
data from the laboratory where the original work was
done', we have chosen to relate segments of the scale
to well-established local standards, rather than accept
the originally-reported relationships between widely
separated portions of the scale.

In the following section, we present details of the
evaluations of the proton affinities of the compounds
which served as the primary standards for assigning
absolute values to the gas basicity and proton affinity
scales. In this process, for all but the lowest part of the
scale (H, to C,Hj), the greatest weight was given to the
proton affinities of ethylene, propylene, and isobutene.
The heats of formation of C,H;* and CH,CTHCH,
have been carefully studied in numerous laboratories,
and are now rather well established. The heat of
formation of the tert-butyl ion is somewhat less well
established, but recent evaluations of this heat of
formation give a proton affinity value for isobutene
which is in fairly good agreement with information
from other comparison standards in the immediate
vicinity in the scale (ketene and ammonia). The relevant
heats of formation, and evaluated 300 K proton affinity
values of the standard compounds are summarized in
Sec. 3.3. It should be noted that the heats of formation
of pasitive ions cited here are given using the so-called
“stationary electron convention” commonly used by
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mass spectrometrists'’’, and described in detail below
(Sec. 5.2.1).

3.2.1. Ammonia
For reasons which appear to have more to do
with tradition than with science, the scale of gas phase
proton affinities is often related to the proton affinity of
ammonia as a standard. This proton affinity is defined
by the reaction:
NH; + H* — NH,*. (12)
An experimental determination of the heat of

formation of NH,* based on its appearance energy from
a (NH,), dimer":

(NH,;), — NH,* + NH, + e. 13)
leads to a value of the proton affinity of ammonia of
846.3 kJ/mol (202.3 kcal/mol) at 0 K, and assuming that
all rotational degrees of freedom are excited and that no
vibrational degrees of freedom are excited at 298 K, this
corresponds to a value of 852 kJ/mol (203.6 kcal/mol)
for the proton affinity of ammonia at 298 K. Although
the authors of that paper cite error limits of =5 kJ/mol
(1.3 kcal/mol) for this value of the proton affinity, an
examination of the error limits associated with the
appearance energy measurement (+2 kI/mol or 0.5
kcal/mol), the heat of formation of NH, (+12 kJ/mol
or 3 kcal/mol) and the assumed well depth for
formation of the (NH,), dimer (+4 kJ/mol or 1
kcal/mol) leads one to assign error limits of at least
+13 kJ/mol (3.2 kcal/mol) to this value. Substitution of
the dimer well depth used in reference 13 (-14.6 kJ/mol
or 3.5 keal/mol) with a value from a more recent ab
initio calculation™ (-7.9 kJ/mol or 1.9 kcal/mol) leads
to a ‘modification of the proton affinity derived from
this experimental result to a value of 845 kJ/mol (202.0
kcal/mol). More direct ab imitio calculations of the
proton affinity of ammonia'*® lead to values of 858
kJ/mol (205.0 kcal/mol) and 879 kJ/mol (210
kcal/mol), respectively.

In fact, the exact value for the proton affinity of
ammonia is of less importance than it is .usually
accorded, since the position of ammonia in the scale of
relative gas phase basicities 1s not well established. In
fact results from various laboratories show considerable
variation in measurements involving this molecule. For
instance, relative to the proton affinity of isobutene, one
would assign values for the proton affinity of ammonia
ranging from 851 to 858 kJ/mol (203.5 to 205.0
kcal/mol), depending on which set of measurements
one selected. (Although this range is not really large in
terms of absolute quantities, the reproducibility of
measurements of proton transfer equilibrium constants
often allows one to assign error limits of <0.4 kJ/mol
(0.1 kcal/mol) to any particular directly-measured

J. Phys. Chem. Ref. Data, Vol. 13, No. 3, 1984



700 LIAS, LIEBMAN, AND LEVIN

interval in the free energy scale. The apparently poor
quality of the measurements involving this compound is
easy to rationalize, since ammonia tends to adsorb on
surfaces making accurate pressure measurements
difficult.) The selected value for the proton affinity of
ammonia, 853.5 kJ/mol (204.0 kcal/mol), which is in
good agreement with the experimental determination®
and one theoretical calculation®, is an intermediate
value taken from the several thermochemical ladders
which have been reported relating the proton affinity of
ammonia to that of the primary standard isobutene.
Because the agreement between the different
thermochemical scales is generally good except for the
position of ammonia, the exact value of the proton
affinity of ammonia was given little weight in carrying
out the evaluation reported here. This proton affinity
was trcated as a sccondary standard, and, in fact, was
allowed to “float” relative to the rest of the scale in
evaluating different data sets, in order to maintain the
overall agreement between the different experi-
mentally-determined thermodynamic ladders.

The entropy change associated with the half
reaction (NH; — NH,*) is -7.5 J/mol K (1.8 cal/mol
K), calculaled from the complete partition function.
This leads to a value of 818 kJ/mol (195.6 kcal/mo}) for
the 300 K gas phase basicity.

3.2.2. Ketene

The proton affinity is defined by the reaction:
CH,=C=0 4+ H* — CH,CO". (14)

A recent determination'” of the heat of formation of
CH,CO* at 298 K led to a value of 657 kJ/mol (157
kcal/mol). Accepting a value of -47.7 kJ/mol (-11.4
kcal/mol) for the heat of formation of ketene®, this
would correspond to a proton affinity of 825.5 kJ/mol
(197.3 kcal/mol). A re-evaluation of the data of that
reference by the present authors gives a heat of
formation for CH;CO™" of 653 kJ/mol (156 kcal/mol)
which corresponds to a proton affinity of 830 kJ/mol
(198.3 kcal/mol). However, from the onset of 9.6035 eV
determined” for the occurrence of the reaction:

CH,CO* + CH,CO — CH,” + 2 CO, (15)

one calculates a slightly less negative heat of formation
for CH,CO, -36.4 kJ/mol (8.7 kcal/mol), which would
correspond to a proton affinity’” of 832 kJ/mol (198.8
kcal/mol), or 836 kJ/mol (199.8 kcal/mol),
respectively.

The position of ketene in the thermochemical
ladder of proton affinities has been established'*®, and
relative to the value chosen above for isobutene, leads
to a proton affinity for ketene of 828 kJ/mol (198.0
kcal/mol).

J. Phys. Chem. Ref. Data, Vol. 13, No. 3, 1984

3.2.3. lIsobutene

The proton affinity of isobutene is defined by the
reaction:

iso-CH; + H* — tert-C,H,". (16)

The heat of formation of the tert-C,H," ion is less well
established than those of the ethyl and sec-propyl ions
discussed below. A recent analysis of the 298 K heat of
formation of this ion as derived from appearance energy
measurements led to a value of <695+3 kJ/mol
(166.2+0.8 kcal/mol)’'. A value of 697 kJ/mol (166.5
kcal/mol) is obtained for this heat of formation taking a
value of 50.2+4 kJ/mol (12.0%1. kcal/mol) for the
heat of formation of the tert-butyl radical® and a value
of 6.7 eV for the ionization potential®®. However, the
latter value can not be considered well-established
without additional corroborating evidence, since
experimentally-determined values for the heat of
formation of the radical ranging from 44 to 35 kJ/mol
(10.5 to 8.4 kcal/mol)*** have also been reported, and a
value of 6.58 eV has been reported for the ionization

potential®. The corroborating evidence is derived from
29-31

measurements of the equilibrium constant of the
reaction:
CH,CH,* + (CH,),CCl V)]

= CH,CH,Cl + tert-C,H,*

which give a value of -5.4 kJ/mol (-1.3 kcal/mol) for
the enthalpy change at 300 K; from these data the heat
of formation of the tert-butyl ion would be estimated to
be 694 kJ/mol (165.8 kcal/mol) accepting a value of
899 kJ/mol (214.8 kcal/mol) for the heat of formation
of the benzyl ion. This is based on a value for the heat
of formation of the benzyl radical of 204 kJ/mol (48.8
kcal/mol)®* and an ionization potential of the radical
of 7.20 eV®, (The heat of formation of (CH,),CCl is
taken as —182 kJ/mol or -43.5 kcal/mol*; the heat of
formation of CH;CH,Cl is derived from a liquid phase
heat of formation® and a heat of vaporization® taken to
be 4.1 kcal/mol.) Based on this result, the proton
affinity of isobutene is 820 kJ/mol (195.9 kcal/mol).

Taking into account changes in external rotational
symmetry numbers, the gain of an internal rotation
upon protonation, and the change in the moments of
inertia, the entropy change for the half reaction

(i-C,H; — tert-C,H,")

is about +3 J/mol K (+0.7 cal/mol K)*. This leads to
a value of 784 kJ/mol (187.3 cal/mol) for the 298 K gas
phase basicity.

3.2.4. Propylene

The proton affinity of propylene is defined by the
reaction:
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CH,CH=CH, + H* — sec-CH,*.  (18)

The heat of formation of the sec-C,H,* ion ai 298 K
has been determined to be 798 kJ/mol (190.8
kcal/mol)”’, 799 kJ/mol (190.9 kcal/mol)®, or 802.5
kJ/mol (191.8 kcal/mol)”. Taking a value of 799
kJ/mol (191.0 kcal/mol) for this heat of formation, the
proton affinity of propylene is 751 kJ/mol (179.5
kcal/mol).

A calculalion of the rotational cntropy change
associated with changes in the moments of inertia and
rotational symmetry numbers for the half reaction
(CH,CH=CH, — sec-C;H,") leads to a value of -3.8
J/mol K (-0.9 cal/mol K); this estimate fails to take into
account the predicted positive entropy change brought
about by the loss of the double bond. (The methyl
group in the ion can be taken Lo be essculially a free
rotor®) In the evaluation of the gas basicity of
propylene, it has been assumed that the entropy change
of this half reaction is close to zero, as discussed
before®. On this basis, the gas basicity of propylene is
taken to be 718 kJ/mol (171.7 kcal/mol).

The gas basicity of propylene has been related
through thermochemical ladders to several of the other
comparison standards listed here. If one estimates the
proton affinity through such data using ethylene as the
primary standard for the proton affinity scale (i.e. using
the data from reference 40 for the interval C;H,-H,0
and from reference 41 for the interval H,0-C,Hy), one
obtains a value of 752 kJ/mol (179.7 kcal/mol) for the
proton affinity of propylene, in cxccllent agrcement
with the conclusion presented above. On the other
hand, the interval in the thermochemical ladder
between isobutene and propylene appears to be
somewhat constricted, an effect which may result from
the fact that small inaccuracies in temperature
measurement may cause noticable errors in such a scale
if the scale covers a wide energy range, as discussed
above, or may possibly reflect uncertainties in the heat
of formation of the tert-butyl ion, also discussed above.

3.2.5. Formaldehyde

Approximately following the recent discussion of
Collyer and McMahon®, an analysis of the proton
affinity of formaldehyde is given. Although this
compound was not used as a primary reference standard
in thc cvaluation of the thcrmochemical ladder, this
proton affinity provides an additional reference point to
verify the assignment of absolute values to the proton
affinity scale. Values for the heat of formation of
CH,OH" derived from the appearance energy of this
ion from CH;OH range from 711 kJ/mol (170.0
kcal/mol) to 714 kJ/mol (170.7 -kcal/mol)*™*
corresponding to proton affinity values of 711-715
kJ/mol (170-171 kcal/mol). Since the proton affinity of
formaldehyde is 22 kJ/mol (5.2 kcal/mol) above that of
water”’, the value predicted from the evaluated proton
affinity scale is 718 kJ/mol (171.7 kcal/mol), in

reasonably good agreement with that obtained from
threshold measurements.

3.2.6. Water

A value for the heat of formation of H;O" has
been obtained from a measurement of the appearance
energy of this ion from a hydrogen-bonded dimer*:

(H,0), - HO* + OH + e. (19)

From this experiment, one obtains a value for the
proton affinity of H,0 of 694 kJ/mol (165.8 kcal/mol)
at 0 K, and assuming that all rotational degrees of
freedom are excited and that no vibrational degrees of
freedom are excited at 298 K, this corresponds to a
value of 697 kJ/mol (166.5 kcal/mol) for the proton
affinity of water at 298 K. The error limits cited by the
authors for this proton affinity are +7.5 kJ/mol (1.8
kcal/mol), with the major uncertainty being the well
depth for formation of the water dimer. A recent state-
of-the-art ab initio calculation”, which included
corrections for the change in the zero point energy
upon protonation, correction to 298 K, and vibrational
mode corrections, verifies the well depth of -17 kJ/mol
(-4 kcal/mol) assumed in the interpretation of those
results; these authors also calculate a value for the
proton affinity of water of 689 kJ/mol (164.8 kcal/mol),
in good agreement with the experimental result.

Recent equilibrium studies*™* have tied the proton
affinity of H,O to that of ethylene. The experimental
results from those studies indicate that the Gibbs free
energy change of the reaction:

CH," + H,0 — H,0" + CH, 20)

is -7.5 kJ/mol (1.8 kcal/mol)*® or -14 kJ/mol (-3.4
kcal/mol)®. In one of these studies®, the direct
measurement of the free energy change of reaction 20
was complicated by clustering of H,O" to C,H,, and
therefore, more weight is given to the latter result,
which is based on a low pressure measurement of a
thermodynamic ladder linking the gas basicities of the
two compounds through several interlocking steps.
Accepting a value for the proton affinity of C,H, of 630
kJ/mol (162.6 kcal/mol) (see Discussion below) this
rcsult lcads to a proton affinity of water of 697 kJ/mol
(166.7 kcal/mol) if one calculates the entropy change
for reaction 20 taking into account only the changes in
the rotational symmetry numbers of the reactants and
products; a more complete calculation of the entropy
change for this reaction leads to a value of 696 kJ/mol
(166.3 kcal/mol). Both estimates of the entropy change
give proton affinity valucs which arc in agreement with
the value derived from the threshold determination of
the heat of formation of H,0** and with the ab initio
calculation’.

The entropy change associated with the half
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reaction (H,O — H,0%) is 4.3 J/mol K (1.03 cal/mol
K)¥. The evaluated proton affinity of water, 697
kJ/mol (166.5 kcal/mol), thus corresponds to a gas
phase basicity of 665 kJ/mol (159.0 kcal/mol).

3.2.7. Ethylene

The proton affinity of ethylene is defined by the
reaction:

CH, + H* - CH,". @1

The heat of formation of C,H;* at 298 K has been
determined from photoion-photoelectron coincidence
experiments to be 901+t4 kJ/mol (2153+1.0
kcal/mol)”, or 9032 kJ/mol (215.920.5 kcal/mol)*,
and from photoionization mass spectrometric appear-
ance potentials, to be 904+2 kJ/mol (216.0+0.5
kcal/mol)”. In agreement with recent analyses of these
data®®®, we take an average value of 902 kJ/mol (215.6
kcal/mol) for this heat of formation, and on that basis,
take a value for the proton affinity of ethylene of 680
kJ/mol (162.6 kcal/mol).

Assuming the C,H,* ion to have a non-classical
bridged structure of C,, symmetry'® (which has been
calculated™ to be 21.6 kJ/mol or 5.2 kcal/mol lower in
cnergy than the classical structure), the entropy change
calculated from the complete partition function for the
half reaction (C,H, — C,H,*) is -10 J/mol K (-2.4
cal/mol K). The gas basicity of this compound is 651
kJ/mol (155.6 kcal/mol).

3.2.8. Carbon monoxide

The heat of formation of HCO* derived from
appearance potential measurements in formaldehyde is
824 kJ/mol (196.9 kcal/mol) corresponding to a proton
affinity of 596 kJ/mol (142.4 kcal/mol)”, or 827 kJ/mol
(197.6 kcal/mol) corresponding to a proton affinity of
593 kJ/mol (141.7 kcal/mol)™. The selected value is the
average of these two and some other values from
appearance potential measurements”, or 594 kJ/mol
(141.9 kcal/mol). Accepting a recent recommended
value for the heat of formation of HCO” of 3745
kJ/mol (8.911.2 kcal/mol), an ionization potential de-
termination® for this radical of 8.2720.01 eV leads to a
heat of formation of the HCO™ .ion of 835 kJ/mol
(199.6 kcal/mol), and a corresponding proton affinity of
584.5+6 kJ/mol (139.7x1.4 kcal/mol), in good
agreement with the values derived above.

Following the recommendation of Bohme et al.',
the entropy change associated with the half reaction
(CO — HCO™) is taken as 3 J/mol K (0.8 cal/mol K).
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3.2.9. Carbon dioxide

From the appearance potential of HCO," in
formic acid (12.29 eV)®, one can derive a heat of
formation of the ion of 589 kJ/mol (140.8 kcal/mol),
which corresponds to a proton affinity of 548 kJ/mol
(130.9 kcal/mol).

Following the recommendation of Bohme et al.",
the entropy change associated with the half reaction
(CO, — HCO,") is taken as 19 J/mol K (4.5 cal/mol
K).

3.2.10. Oxygen atom

The heat of formation of the OH* ion has been
determined from its appearance potential in H,0O
(18.115+0.008 eV) to be 1293 kJ/mol (308.96
kcal/mol)”. A value for the ionization potential of the
OH radical has been derived from appcarance cnergy
measurements in HOF to be 12.88 eV* in good
agreement with the value of 13.01 eV” obtained from a
direct experimental measurement. These values
correspond to heats of formation of the OH" ion of
1281.5 or 1294 kJ/mol (306.3 or 309.3 kcal/mol),
respectively. Accepting the value of 1293 kJ/mol
(308.96 kcal/mol)®, thc proton affinity of the O atom is
taken as 487 kJ/mol (116.3 kcal/mol).

Bohme et al.!! recommend a value of 27 J/mol K
(6.5 cal/mol K) for the entropy change associated with
the half reaction (O — OH™). On this basis, the gas
basicity of the O atom at 298 K is taken as 463 kJ/mol
(110.7 kcal/mol).

3.2.11. Molecuiar Oxygen

The ionization potential of O,H has been
determined to be 11.35+0.01 eV*. Accepting values for
the heat of formation of O,H of 13 kJ/mol (3.2
kcal/mol) at 0 K, or 10.5 kJ/mol (2.5 kcal/mol) at 298
K, one obtains a value for the heat of formation of
O,H* ion of 1108 or 1098 kJ/mol (264.9 or 262.4
kcal/mol) at 0 or 298 K, respectively, leading to a value
for the proton affinity of oxygen of 420 kJ/mol (100.5
kcal/mol). This result is in good agreement with a value
of 422 k1/mol (100.9 kcal/mol) which has been cited®
for this proton affinity, based on the appearance
potential of O,H* in H,0,.

The entropy change associated with the half
reaction (O, — O,H™") is taken to be 27 J/mol K (6.5
cal/mol K)". The gas basicity of O, is taken as 397
kJ/mol (95.0 kcal/mol).
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3.3. Summary of Thermochemical Data on Comparison Standards for
Proton Affinity Scale

Standard(M)  AHM)(298 K) AHMH*)® Proton Affinity®
kcal/mol  kJ/mol kcal/mol kJ/mol kcal/mol  kJ/mol
NH, -11.02 -46.11 % 151.0 632. 1 203.6 852.
153.6 643, 1314 202.0 845.
Ab initio calculation 1 205.0 858.
Ab initio calculation 16 210.0 879.
204.04£3*  853.5£12*
CH,=C=0 -11.4 477 8 156.0 653. i 198.3 830.
-8.7 -364 198.8 832.
From thermochemical ladder, relative to isobutene: 198.0+2* 828.+8*
(CH,),C=CH,-4.04 -169 *# <1662  <695. >195.5 >818.
166.5 697. a1 195.2 817.
165.8 694. 23233 1959+1.5% 819.51-6*
CH,CH=CH, 4.83 202 4 190.8 798. 7 179.7 752.
190.9 799. 3 179.6 752.
191.8 8025 ¥ 178.7 748,
From thermochemical ladder, relative to ethylene: 179.7 752.
191.0 799. 179.540.8% 7513+
H,0 Ab initio calculation “ 164.8 689.
From thermochemical ladder, relative to ethylene: 166.3 695.8
-57.8 -241.8 » 141.4 592. * 166.5+2%  697.48%
CH,=CH, 12.48 522 0¥ 2153 901 R 162.9 681.5
215.9 903 ® 162.3 679.
215.6 902 162.6=1*  680.4*
co -26.4 110.5 » 196.9 824. 3t 142.4 596.
197.6 827. 52 141.7 593.
199.6 835. 753 139.7 584.5
141.9£2%  594.+8*
CO, -94.05 -393.5 » 140.8 589. # 130.9* 548.*
0 306.3 12815 % 118.9 498.
309.3 1294. s 115.9 485.
59.56 249.2 “ 308.96  1293. 5 116.31*  491.%4*%
0, 0.00 0.00 262.4 1098. 8,39 100.5 420.
264.8 1108. © 100.9£0.5% 422.2*

*Selected value.

"See Sec. 3.2 for detailed discussion and error limits.
"Heats of formation using “stationary electron convention” (described in Sec. 5.2.1)
298 K heat of formation of H* (Eq. 1) in “stationary electron convention” = 365.7 kcal/mol, 1530.0

kJ/mol.
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4. Experimental Error Limits

As shown in Sec. 3.3, the heats of formation of
the MH™" ions used for establishing absolute values for
the proton affinity scale have error limits which are
larger than =4 kJ/mol (%1 kcal/mol), sometimes
considerably larger (e.g., NH,™). In general, absolute
values assigned to the proton affinities of species
determined through equilibrium measurements can be
considered to be known to within =8 kJ/mol (£2
kcal/mol) if the proton affinity lies in the region of the
scale between water and ammonia (i.e. if the proton
affinity is in the range 700-850 kJ/mol). In the region of
the scale below water (proton affinities less than about
700 kJ/mol), the absolute values of proton affinities can
be assumed to be known to within 4-6 kJ/mol for
species determined through equilibrium measurements.
In the region of the scale above ammonia (proton
affinities greater than 850 kJ/mol), the absence of
reliable absolute standards makes it impossible to check
on the reliability of assigned proton affinity values. In
particular, if the temperatures at which measurements
were made were not well known, the thermochemical
ladders generated from equilibrium constant determina-
tions could be too long or too short, causing proton
affinity values at the top end of the scale to vary
considerably from their correct absolute values. Some
confidence in the assigned values is gained from the
general agreement observed in the reported thermo-
chemical ladders generated in different laboratories.
However, the lack of reference proton affinities in the
upper part of the scale necessitates the assignment of
relatively large error limits in this region, =16 kJ/mol.
Throughout the scale, relative values derived from
equilibrium constant measurements can be considered to
be known to within =1 kJ/mol (0.2 kcal/mol) or less
when AG is small (<4-6 kJ/mol). Since the
experimentally measured free energy changes are given
in Table 1, users of this compilation can identify for
themselves species for which larger or smaller error
limits on relative gas basicities are warranted. Proton
affinities derived from bracketing measurements have
error limits which are determined by the size of the
bracket (given under the appropriate literature
reference).

In Table 2, the values given for the heats of
formation of the positive ions include, of course, the
error limits associated with the assignment of ahsohite
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values to the proton affinity scale (described above in
Sec. 3.2) as' well as the error limits associated with the
heat of formation of the neutral molecule.

Nearly all of the data compiled here were
originally reported in units of kcal/mol; the cited values
in these units are given to tenths of a kcal/mol, in order
to preserve the originally-reported information about
relative ordering. On the other hand, in order to
emphasize the large absolute uncertainties in cited
proton affinity values, the columns giving data in
kJ/mol show values only to within the nearest kilojoule
per mole.

5. Explanation of the Tables
5.1. Explanation of Table 1

Table 1 presents a summary of the data from the
literature, an evaluation of those data, and evaluated
values for the gas basicities at 300 K and the proton
affinities, in units of both kcal/mol and kJ/mol (where
one kcal/mol is defined as 4.184 kJ/mol). The data in
Table 1 are presented in order of descending proton
affinity. Data from proton transfer equilibrium
measurements are given in considerable detail, with (as
described below) reference bases and temperatures
specifically noted in most cases. The bracketing
experiments, denoted by (br), have been related to the
evaluated thermodynamic ladders from equilibrium
constant measurements. Details of bracketing and
hydride transfer experiments are provided in anmnota-
tions under the appropriate literature references, as is
information about equilibrium measurements related to
reference bases not included in the standard list given
below in Sec. 5.1.1; these latter experiments are
identified in Table 1 by the notation (Key) appearing in
the column usually used to identify the reference base.

In order to understand the structure of Table 1 (as
well as the thought processes which went into the
evaluation) it is best to consider specific examples of
data sets, and illustrate how they are presented in Table
1. Table A represents a small portion of an extensive set
of data originally published in J. F. Wolf, R. H. Staley,
I. Koppel, M. Taagepera, R. T. Mclver, Jr, J. L.
Beauchamp, and R. W. Taft, J. Am. Chem. Soc. 99,
5417 (1977) (denoted by 77TWOL/STA in Table 1).
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TABLE A.
AG Reference
kcal/mol
NH;, 0.0 77WOL/STA
CH,COCH, -72 TTWOL/STA
iso-C,H;, -8.6 TTWOL/STA
H,;S -27.8 7TWOL/STA
H,0 -31.4 T7TWOL/STA

In Table A, AG represents the free energy changes (in
kcal/mol) derived for the process (MH* + NH; —
NH,” 4+ M) from interlocking series of equilibrium
constant determinations at a temperature assumed to be
300 K. As one can find in the comments under
TTWOL/STA in the annotated references, the authors
of this paper subsequently found that the operating
temperature at which the original measurements were
made was actually approximately 320 K, and therefore,
from Eq. (3), the experimentally determined values of
AG were increased by a factor of 320/300. These data
then would appear in Table 1 as shown in Table B with
the temperature-corrected values of AG (these are
surrounded by parentheses) in the column labelled
“Relative gas basicity, kcal/mol”. The ‘“Relative gas
basicity” is the negative of the Gibbs free energy
change associated with the reaction:

BH* + M = MH* + B(Ref) 22)

where B(Ref) is the reference base corresponding to the
one- or two- alphabetic character denoter given in the
list in Sec. 5.1.1.

TABLE B.

Reference Relative gas Gas basicity =~ Reference
base basicity
kcal/mol kcal/mol
NH, A 0.0) 195.6 7TWOL/STA
CH;COCH; A -7.9 187.9 = 77WOL/STA
iso-CH, A (-9.2) 1864  7TWOL/STA
H,S A (-29.6) 167.0 77WOL/STA
H,0 A (-33.5) 163.1  77TWOL/STA

The entry “A” in Table B in the column labelled
“Reference base” identifies ammonia as the species to
which the original authors referred their basicity data.
The “Gas basicity” values displayed here next to the
corresponding “Relative gas basicity” are taken relative
to the absolute gas basicity of ammonia derived in Sec.
3.2.1 and obtained using the relative AG values cited
here.

Since, as described in Secs. 3.2.3 and 3.2.6, the gas
basicities of i50-C,H; and water are taken to be,
respectively, 187.3 and 159.0 kcal/mol, it appears that
in this data set cumulative errors exist in the overall
thermochemical ladder over the span of more than 30
kcal/mol. Therefore, the data from this paper are
related to several local standards. In the example set
shown here, iso-C,H; and H,O happen to be species for
which well-established values for the gas basicity and
proton affinity can be assigned (Sec. 3.2), and therefore,
these are chosen as local standards. In Table 1, data
from any given reference are always reproduced in
their original form (or, as here, their original form
corrected for temperature) in addition to appearing in
their evaluated form (if the two differ); original
thermochemical ladders have been preserved in the
presentation so that -users of the compilation can
examine the information as it appeared in the literature
and re-evaluate the data for themselves if future
experimental results bring about changes in values
assigned to particular reference gas basicities or proton
affinities. Thus, any given piece of data from
77TWOL/STA could appear twice, once as given above
and once with the cited gas basicity value as derived in
relation to the appropriate local standard. The example
data would be given in Table 1 as shown in Table C.

TABLE C.
Reference Relative gas  Gas basicity ~ Reference
base basicity
kcal/mol kcal/mol

NH, A 0.0 1956  77TWOL/STA
H 196.6

CH,COCH; A -19 187.9 7TWOL/STA
H 188.9

iso~C,Hy A (-9.2) 186.4 7TWOL/STA
H 0.0 187.3

HS A (-29.6) 167.0 T7TWOL/STA
N 162.9

H,0 A (-33.5) 163.1  7TWOL/STA
N ©.0) 159.0

In Table C (see the list in Sec. 5.1.1) the symbols H
and N identify iso~C,H; and H,O as respective local

J. Phys. Chem. Ref. Data, Vol. 13, No. 3, 1984



706

standards; the gas basicity values taken’relatwe; to the;e
standards are shown in the appropriate column. In
Table 1, when two entries ap?eflr togetherhw1thout a
repetition of the “Reference" 1dent1f;11er,f t 1 secon-d
entry represents the same data item as the first but, as in

“ icity” in the
. ere, the “Gas basicity” in
the example given ht rélative to a local standard not

second instance is tha
used by the original authors. In cases where suchl ('h.lal
econd ‘“‘evaluated” gas basicities

ntries occur, only the s .
S,V erleet aok enu o chount in the final evaluation of the
gas basicity of the particular compound. The local

standards used for particular data sets are idf:ntiﬁed in
the list in Sec. 5.1.1 and also can be located in Table 1
by the appearance of the entry “(0.0)” in the “Relative

gas basicity” column. ‘e

ion O L t
afflnit;l:lg' : \I,)z;lr‘i?gﬁar compound and its xjeconstructlon
from the entries in Table 1, can be illustrated by
considering a single molecule from our exa.lmple data
set, H,S. All the entries from Table 1 reflatmg1 to Hz?
are reproduced in Table D. However, for clarity o
presentation we want the gas basicity values taken into
account in the final evaluation to s:t,and out' 'apd
therefore, all the entries of “gnevaluated gas ba3191t1§s
(e.g. the basicity of H,S relative to that 0; 2mmoma 1;;‘
the example given above) are here replaced by a row o

dots.
TaBLE D.
T  Reference Relative gas  Gas basicity  Reference
basicity
) bese kcal/mol kcal/mol
st (0,0) 162.8 78FRE/HAR(2)
256 N 4.6) 163.6 73HOP/BON
298 N 3.8) 162.8 78TAN/MAC
20 X (—29:6) 7TWOL/STA
20 162.9
:ig E (3.9) 162.7 7TMAU/FIE
600 A (319 . T9LAU
600 N 162.2
In Table D, the absence of entries in the
“Reference” colur,nn indicales that thc particular

t comes from the reference cited
such a result has been rglatc?d to a
local standard (water, N, in this case) which is dlff;eljen’][
from the comparison standard used by the origina
authors. In all such cases, it is the Secgnd entry which is
taken into account in the final evaluation of the absolute

gas basicity of the compound. Other entries shown here

"'AN/MAC, TTMAU/FIE)
(73HOP/BON, 78 d from studies in which the

are clearly results derive .
authors rclated their experimentally—determmed thermo-

chemical ladders to water. The first entry, with 2 Y in

experimental resul
immediately above;
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the “Reference base” column and (0.0) under “Relative
gas basicity” shows that in the paper 78FRE/HAR(2),
the authors have related the gas basicities of some other
compound(s) to that of H,S (symbol, Y); the gas
basicity given opposite this entry is the evaluated value,
162.8 kcal/mol, derived from the five determinations
relative to an H,O standard.

A final example will illustrate how results from
bracketing experiments are evaluated and listed in Table
1. InJ. J. Solomon and R. F. Porter, J. Am. Chem. Soc.
94, 1443 (1972) (72SOL/POR) it was seen that H,0*
transfers a proton to B,H, but H,S* does not.
Therefore, the gas basicity of B,H, is assumed to lie
between those of water and hydrogen sulfide. The entry
for BsH, is shown in Table E. The gas basicity given is the
average of that of the two bracketing compounds; these are
listed in the comments under the appropriate reference.

TABLE E.

T Reference - Relative gas  Gas basicity ~ Reference
K base basicity
kcal/mol kcal/mol
BsH, (br) 161 72SOL/POR

In many instances, investigators have determined
proton transfer equilibrium constants of pairs which do
not include any of the standards listed above in Secs.
3.2 and 3.3, nor even any of the more commonly-used
secondary standards listed in Sec. 5.1.1. In such cases,
the data have been tied in to the scale in the nsual way
by relating to evaluated thermochemical ladders, and
the identities of the particular reference compounds are
given in comments under the appropriate reference at
the end of Table 1. Such cases are identified by the
designation (Key) appearing in the “Reference base”
column. i

In some cases, “proton affinities” have been
reported in the literature without any information about
the details of the experiment leading to the cited value;
such data are usually reported here as they originally
appeared since evaluation is impossibie. Unevaluated
data are denoted by a double asterisk (**). Other papers
have presented revisions by original authors of data
published earlier; in such cases the details of the original
experiments are available, but the nature of the
revisions are not; these data also have not been
evaluated, and are denoted by a single asterisk (*).

The entries in the column labelled “Gas basicity”
are actual gas phase basicities only for measurements
made at temperatures close to 300 K. The gas basicities
listed for experiments at higher temperatures have been
normalized to those at 300 K in order to make
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intercomparison easier; that is, in the defining reaction,
that part of the term TAS which is associated with the
proton is taken as 32.6 kJ/mol (7.8 kcal/mol)® in all
cases, so that actual differences in the free energy
change of the defining reaction due to entropy changes
associated with the half reaction (M — MH™) may be
discerned.

707

Literature references, identified by the eight-
character identifier at the end of a data—containing line,
are given at the end of the Table 1, sorted
alphabetically according to the characters appearing in
the identifying tag. The individual references contain
annotations giving any special remarks pertaining to the
particular paper.

5.1.1. Explanation of Symbols Used in Table 1
Symbol used in  Reference Evaluated Evaluated
Table 1 base gas basicity proton affinity
(300 K)

kcal/mol  kJ/mol kcal/mol kJ/mol
A NH, 195.6 818. 204.0 853.5
B CH;NH, 205.7 861. 214.1 896.
c n-C;H,NH, 210.1 879. 217.9 912.
D Pyridine 2131 892. 220.8 924.
E (CH;);N 217.3 909. 225.1 942.
F CH;NH, 202.5 847. 209.5 876.5
G C,H,NH, 208.5 872. 217.0 908.
H (CH,),C=CH, 1873 784. 195.9 820.
I CH;N(CH,), 215.4 901. 223.4 935.
] C.H, 174.6 7305 181.3 7585
K CH, 155.6 651. 162.6 680.
L CH,(CN), 167.4 700. 175.6 735,
M H,CO 164.3 687. 171.7 718.
N H,0 159.0 665. 166.5 697.
(o] (o] 110.7 463. 116.3 487.
(o} 0, 95.0 397. 100.9 422.
P (C,H;),0 192.4 805. 200.2 838.
Q HCO,C,H; 185.3 775. 193.1 808.
R 1,2-CH(CH,), 186.1 779. 193.3 809.
S Cco, 124.4 520. 130.9 548.
T CH,CHO 178.6 747. 186.6 781.
U (CH,),CO 188.9 790. 196.7 823.
v CH,COOCH, 190.0 795. 197.8 828.
w C.H,CH, 182.0 761. 189.8 794,
X CH,;COOC,H;, 192.9 807. 200.7 840.
Y H,S 162.8 681. 170.2 712.
VA CO 1344 562. 141.9 593.
AA CH,CH=CH, 171.7 718. 179.5 751.
BB H, ' 94.6 396. 101.3 424,
EE (CH,),P 219.3 917.5 227.1 950.
XX (n-C;H,),0 194.5 814. 202.3 846
7z (CH,)C, 200.0 837. 207.3 867.

(Key) — Identity of reference base or other sufficient information for relating the reevaluation to

experimental details (in the case of hydride transfer
cquilibrium constant determinations, {or instance) are
given in a comment under the appropriate literature
citation. (In the case of proton transfer equilibria,
usually used for small data .sets which were
experimentally related to unusual reference bases.)

(br) — Bracketing result.

* — Asterisk appearing after gas basicity value
indicates thal original authors reevaluated the original
data in a subsequent publication, but without giving

the present scale. Data as cited are the reevaluated
values of the authors.

** __ Double asterisks appearing after gas basicity
or proton affinity values indicate that insufficient
information is available to evaluate the data. Proton
affinity values are given as reported by the original
authors, and are not necessarily internally consistent
with the evaluated proton affinity scale.

RN — CAS Registry Number.
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5.2. Explanation of Table 2

Table 2 presents the evaluations from Table 1
sorted according to the empirical formula of the
appropriate compound. The empirical formulas are
given at the beginning of each new data item enclosed
in square brackets; component atoms are listed
alphabetically, with no concessions to chemical
meaning (except that lower case letters are given a
lower priority than upper casc letters), and the
compounds are given simply according to an
alphabetical ordering of these empirical formulas. Table
2 also lists the heat of formation at 298 K of the
compound, and a 298 ‘K heat of formation of the
protonated molecule derived from the evaluated proton
affinity, using the “stationary electron convention”.

5.2.1. Conventions Used

As mentioned above, the heats of formation of
protonated molecules given in Table 2 are given
according to the so-called “stationary electron”
convention'?. According to this convention, the
integrated heat capacity of the electron in egs. (5) and
(6) is taken as zero at all temperatures, and the thermal
energy of the electron is not taken into account in
calculating the heat of formation of the ion at
temperatures other than zero kelvin. Obviously, since
ionic species occur on both sides of equation (1), the
absolute value for the proton affinity does not change
with the convention, but one must take care to use
consistent data in calculating a proton affinity from
ionic heats of formation. If the heats of formation of
ions given here are to be used in conjunction with heats
of formation of ions taken from a compilation of
thermodynamic data (such as “The NBS Tables of
Chemical Thermodynamic Properties: Selected Values
for Inorganic and C, and C, Organic Substances in SI
Units”® or the “JANAF Thermochemical Tables”®) in
which the electron is treated as a conventional chemical
element, the 298 K values given here must be increased
by 1.48 kcal/mol or 6.2 kJ/mol in order to achieve
consistency. The existence of two different conventions
does not matter for neutral species. For the defining eq.

(1), the 298 K heat of formation of the proton using this 4

convention is 1530.0 kJ/mol or 3657 kcal/mol.
Relevant heats of formation of reference ions used to
standardize the scale were taken at 298 K in all cases
where sufficient information was available that this was
possible.

5.2.2. Heats of Formation of Neutral Molecules

Ilcats of formation of the ncutral molecule, M, in
eq. (1) are listed in Table 2. The experimental data in
Table 1 lead to a value for the proton affinity of M, and
if the heat of formation of M is known or, as described
below, can be estimated, one can thereby obtain a value

J. Phys. Chem. Ref. Data, Vol. 13, No. 3, 1984

for the heat of formation of the protonated molecul
MHT. In a few cases, a reliable value for the heat ¢
formation of MH* was available from other sources,
and the proton affinity determination led to a determina-
tion of the heat of formation of the neutral molecule or
radical. No distinction is made between these cases in
Table 2, but in the latter case, the cited reference will
be to the paper describing the proton affinity determina-
tion.

Valucs for the hcats of formation of ncutral
molecules were taken from the experimental literature
wherever possible. If data for a particular compound
could be obtained from an evaluated data compilation,
this value was selected for inclusion. Such compilations
included, for organic compounds:

(1) J. B. Pedley and J. Rylance, “Sussex-N. P.
L. Computer Analysed Thermochemical Data:
Organic and Organometallic Compounds,”
University of Sussex (1977)*. The numerous data
from this evaluated compilation of 300 K heats of
formation of organic compounds are identified as
[77PED/RYL]. Where condensed phase data from
this reference have been used in conjunction with
experimental or estimated heats of vaporization or
sublimation, the source of the heat of formation is
identified simply by an asterisk (*) in the first space of
the reference identification.

and for inorganic compounds (in order of preference):

(2) D. D. Wagman, W. H. Evans, V. B.
Parker, R. H. Schumm, I. Halow, S. M. Bailey, K. L.
Churney, and R. L. Nuttall, “The NBS Tables of
Chemical Thermodynamic Properties: Selected
Values for Inorganic and C, and C, Organic
Substances in SI Units,” J. Phys. Chem. Ref Data,
Vol. 11, Suppl. 2 (1982), hereafter referred to as
82/TN270 from the original publication of this
compilation as a series of NBS Technical Notes
called the 270-series”.

(3) (a) D. R. Stull and H. Prophet, “JANAF
Thermochemical Tables,” NSRDS-NBS 37 (1971);
(b) M. W. Chase, J. L. Curnutt, H. Prophet, R. A.
McDonald, and A. N. Syverud, “JANAF
Thermochemical Tables, 1975 Supplement, J. Phys.
Chem. Ref. Data 4, 1 (1973); (c) M. W. Chase, Jr., J.
L. Curnutt, J. R. Downey, Jr., R. A. McDonald, A.
N. Syverud, and E. A. Valenzuela, J. Chem. Phys.
Ref. Data 11, 695 (1982). Information from these
sources is hereafter referred to as JANAF®,

The preferential usc of thesc compilations as sources of
experimental data recognizes that these data have been
evaluated for internal consistency insofar as possible.
Experimental information about heats of formation of
compounds not included in these sources was obtained
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from scientific articles presenting relevant thermo-
chemical determinations; when more than one such
article was available for a given piece of data, the most
recent value was usually arbitrarily chosen in the
possibly naive hope that improved instrumentation and
compound purity, as well as a greater awareness of the
problems inherent in particular measurements or of the
thermochemistry of particular classes of compounds,
should contribute to improved values. In such cases, it
should be noted, the cited references are not always the
primary references for the determination, but may
represent a choice by a subsequent author. Heats of
formation of deuterated or partially deuterated
molecules were assumed to be the same as the heats of
formation of the non-deuterated analogues. Also, gas
phase heats of formation of racemic mixtures are the
same as the heats of formation of the optically pure
enantiomers.

Implicitly, in assigning gas phase heats of
formation to the neutral species, the compounds are
assumed to be ideal gases at STP. Few of the species
are, in fact, gases under these conditions — most are
liquids or solids. Numerous methods exist for measuring
and interpreting experimental heats of sublimation
[AH(solid — gas)] and of vaporization [AH(liquid —
gas)l, and, so need not be discussed here. Where
available, such measurements were used to translate
condensed phase data into gas phase information.
However, such measurements do not exist for many
compounds of interest here, either because of lack of
adequate volatility, purity, or thermal stability, or even,
seemingly because of a lack of interest in the species in
the gas phase. Estimation methods for heats of
vaporization, and occasionally sublimation, have been
described in the literature. Some require other
experimental data (e.g., critical constants), while others
are limited to well-defined, however large, classes of
compounds. Some of these methods have been used to
generate values of gas phase molecular heats of
formation from corresponding liquid or solid phase
data; although such heats of formation are based on an
estimation of one parameter, comparisons indicate that
the resulting gas phase data are usually within 4 kJ/mol
@ kcal/mol) of accepted values, at least for heats of
vaporization. Theretore, these entries are not labelled
“Est” for “Estimate” (see below), but are rather
identified by a two-part reference, the first segment
giving the source of the liquid or solid phase heat of
formation of the compound (abbreviated to an asterisk
(*) when that source is the often-referred to
[77TPED/RYLY}), and the second segment, listing a
reterence describing -the technique of determining the
heat of vaporization or sublimation.

Heats of formation of compounds for which no
experimental data were available were estimated, and
are labelled “Est”. Several estimation approaches were
utilized. Only brief descriptions of these will be given
here; a detailed discussion will be presented elsewhere®.

One approach uftilizes experimental information

about isomerization processes for the formation of two
or more isomeric species in a particular reaction. The
assumption is made that AAH = AAG for a pair of
isomers (AS is assumed negligible) in the experimentally
observed process, so that a heat of formation of an
unknown species can be predicted from thermo-
chemical information about isomeric molecules. This
approach, which is not well characterized and so is less
trustworthy than other approaches used here, utilizes
various types of information including direct
equilibration studies on isomers and the more casual
observation that two isomers are formed in comparable
quantities in a particular process, and so have
comparable Gibbs free energies and enthalpies of
formation. »

A related approach to estimation is based on the
assumption that AAH can be equated with AE,, for
two isomers, where AFE,, is the total energy of the
molecule calculated quantum chemically. For this
assumption, as well as all other estimation approaches
employing quantum chemical studies, only ab initio
calculations were considered as opposed to any of the
plethora of semi-empirical studies at a wide variety of
levels and approximations to the correct Hamiltonian
and wavefunction. In all cases, care was taken to
compare isomeric species with the same basis set and
degree of geometry optimization. Built into this last
assumption that AAJH= AE,, are the requirements that
the zero point energy and enthalpy function H°-H’> are
essentially equal for an arbitrary pair of isomers, and
that conformational isomerism and relative energies
hardly affect heats of formation. None of these
assumptions is rigorously true, but experience indicates
that they represent a good first guess as to molecular
energetics.

There remain three related approaches which
were employed to estimate heats of formation of
molecules here. The first and best characterized is
Benson's “group increment” approach™® in which the
molecule of interest is defined as a collection of groups,
and a “group”, in turn, is defined as a polyvalent atom
(ligancy > 2) with all its ligands in a molecule. The heat
of formation of the molecule is obtained by summing
statistically-determined contributions from the heats of
formation of the various “groups”, and correcting for
various higher order interaction and other “correction”
terms. These corrections include such things as the
presence of gauche configurations in substituted
alkanes, and the presence of heterocyclic and/or non-
six membered rings.

A related approach consists of formulating the
molecule of interest as a substituted derivative of a
well-characterized species. The unknown heat of
formation is taken to be the sum of the known heat of
formation and a suitable correction term associated with
the exchange of the substituent and parent components.
For example, the heat of formation of an arbitrary
aliphatic azoxy compound may be determined® from
the heat of formation of the related (E)-olefin by:

J. Phys. Chem. Ref. Data, Vol. 13, No. 3, 1984
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AH®R-NN(O)-R') = (23)
AHR-CH=CH-R') + 14.6 kcal/mol,

where the 14.6 kcal/mol for the [AH(-NN(O)-) -
AH(-CH=CH-)] correction term was obtained by
averaging the difference of the heats of formation of
R-NN(O)-R’ and (E)R-CH=CH-R’ for R=R’=tert-
butyl and n-propyl.

The final estimation approach, termed “macro-
incrementation reactions”®, assumes that “if for each of
two sets of molecules the total number of bonds, atoms
and structural types is the same, then the total heat of
formation of each set of molecules is the same. Then, if
all but one of the heats are available, the remaining one
can be estimated by simple arithmetic. It deals with ring
strain, resonance energy and other interactions much
more explicitly but less universally by embedding these
corrections in the heat of formation of the individual
molecules which among them possess the desired
bonding characteristics. Further, it maximizes the direct
use of available experimental data.”®.

Quite clearly, the last three approaches described
here are interrelatable, and “were they flawless, they
would agree with each other and with experiment”?’.
Furthermore, macroincrementation considerations,
when coupled with the earlier- assumption, AAH =
AE,,, result in “isodesmic reactions”® and “group
separation reactions”®”, widely employed here and
elsewhere.

5.2.3. References

The reference citations given in Table 2 refer to
the sources of data on the heats of formation of the
neutral molecules. The references having to do with
proton affinity determinations are given at the end of
Table 1. In the column labelled “Reference” in Table 2,
the appropriate literature reference is given as an eight-
character identifier showing the year the paper
appeared and the first three letters of the names of the
first two authors. In addition, as discussed abovc in

part, the following specialized notations and

abbreviations are used:

Notation Definition

82/TN270 D. D. Wagman, W. H. Evans, V. B. Parker, R. H.
Schumm, I. Halow, S. M. Bailey, K. L. Churney, and
R. L. Nuttall, “1he NBS 'lables of Chemical
Thermodynamic Properties: Selected Values for
Inorganic and C, and C, Organic Substances in SI
Units,” J. Phys. Chem. Ref. Data 11, Suppl. 2 (1982).

JANAF (@ D. R. Stull and H. Prophet, “JANAF

Thermochemical Tables,” NSRDS-NBS 37 (1971).
(b) M. W. Chase, J. L. Curnutt, H. Prophet, R. A.
McDonald, and A. N. Syverud, “JANAF
Thermochemical Tables,” 1975 Supplement, J. Phys.
Chem. Ref. Data 4, 1 (1975); (c) M. W. Chase, Jr., J.
L. Curnutt, J. R. Downey, Jr., R. A. McDonald, A.
N. Syverud, and E. A. Valenzuela, J. Phys. Chem.
Ref. Data 11, 695 (1982).

J. Phys. Chem. Ref. Data, Vol. 13, No. 3, 1984

Notation Definition

*00ABC/DEF A condensed phase heat of formation was obtained
from 77PED/RYL ( J. B. Pedley and J. Rylance,
“Sussex~-N. P. L. Computer Analysed Thermo-
chemical Data: Organic and Organometallic Comp-
pounds,” University of Sussex (1977)) and translated
into a gas phase heat of formation using heat of
vaporization or sublimation data from the reference
00ABC/DEF.

Est The gas phase heat of formation was estimated using
the approaches described in the previous section.

DEF A defined heat of formation.

(E) or (2) In the absence of other information, the most stable

isomeric configuration (usually E) has been assumed.

6. Literature Coverage

Data from literature which appeared before June
1983, arc included. A numbcr of rescarchers who were
aware that this compilation was in progress made
available to the authors preprints of work which was in
press or in preparation, and these more recent data are
also included. Older data, which have been superseded
by newer, better, measurements have been omitted.
These include primarily bracketing measurements
which have been replaced by results from cquilibrium
studies. In some cases where an author has repeated his
own measurements in a later study and obtained
different results, both sets of data are included, with
preference generally given to the more recent set in
carrying out the evaluation. Exceptions to this policy
are specifically mentioned under the description of the
evaluation. of a paper in the annotated  reference.
Particularly in laboratories which have been very active
in determinations of proton affinities from ion-molecule
equilibrium constant measurements, one sees that
closely similar or identical results on a particular
molecule or set of molecules often appear in various
publications from the laboratory without specific .
refcrence to earlicr appcarances of the data in print. In
these cases, we do not presume to try to judge who the
“original” author was, but simply present all the
reincarnations of the data set.

In a few cases, authors have bracketed the gas
phase basicities of molecules between limits which are
so widely spaced (i.e., ammonia and water) that the

DU B Y PRS- P4

result is difficult to picscnt in the more qiiaﬁﬁtau'v'ﬁ
scale given here; in such cases, the paper is listed in the
bibliography, but the result is not included in the Tables
1 and 2. Other authors have given only an upper or
lower limit to a gas basicity; these results have not been

included.
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Table 1. Gas phase basicities and proton affinities

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C1 4Hq gN5] N,N,N',N'-Tetramethyl-1,8- 234.8 982, 241.8 1012
naphthalenediamine RN 20734-58-1
320 22 ( 34.9) 234.,9 83TAF
600 A { 39.2) 234.8 78LAU/SAL
[CgHygNa] (CH3) gN(CHy) 4N(CH3), RN 111-51-3 232.6 973. 240.4 1006.
320 A . ( 37.9) 233.5 TAFT
300 231.7** 79AUE/BOW
[Cy4Ho7N]  1-Methyl-2,6-t-butylpiperidine 231.4 968. 239.2 1001.
RN xxxxx
320 Z5 ( 31.4) 231.4 83TAF
[C7HygNy] (CH3) o N(CH,) 3N(CH3) 5, RN 110-95-2 231.0 967. 238.8 999.
320 A ( 36.2) 231.8 TAFT
300 230.24* 79AUK/BOW
[CgH14Ny] 1,5-Diaminopentane RN 462-94-2 223.0 933. 238.1 996.
298 A ( 30.4) 225.0 73YAM/KEB
300 c ( 12.9) 223.0 73AUE/WEB
300 221.9%* 79AUE/BOW
600 A ( 26.2) 221.3 78LAU/SAL
[C7H18N2] 1,7-Diaminoheptane RN 646-19-5 224.2 938. 238. 996.
298 E ( 6.9) 224.2 73YAM/KEB
[C1gH4No] (CH3) pN(CHp) gN(CH3), RN 111-18-2 230.1  963. 237.9  995.
320 A ( 35.3) 230.9 TAFT
300 229 .3%%* 79AUE/BOW
[CgHygNy] 1,6-Diaminohexane RN 124-09-4 223.0 933, 237.7  994.5
300 C ( 12.9) 223.0 73AUE/WEB
300 221.9%%* 79AUE/BOW
[C4H1,N5) 1,4-Diaminobutane RN 110-60-1 225.0 941, 237.6  994.
330 D ( 12.2) 225.3 80MAU/HAM
300 C ( 14.6) 224.7 73AUE/WEB
300 223,9* 79AUE /BOW
[CSHl4N2] (CH3)2N(CH2)3NH2 RN 109-55-7 229.4 959. 237.2 992.
320 - -y ( 33.8) 229.4 TAFT
300 228.0*%* 79AUE/BOW
[C6H13N] (CH3)2NC(CH3)=CHCH3 RN 52113-79-8 ~229 ~958 ~237 ~991
(br) ~229 81ELL/DIX
[CgHygNol (CH3)2N(CH2)2N(CH3)2 RN 110-18-9 228.6 956.5 236.4 989.
320 a { 33.0) 228.6 75TAF
300 227.2%% ' 79AUE/BOW
[C7H15N] (CH3)2NC(C2H5)=CHCH3 RN 78733-73-0 228.6 956. 236.4 989.
(br) 228.6 81lELL/DIX
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C7H10N2] N,N-Dimethyl-4~-pyridinamine 228.4 956. 236.2 988.
RN 1122-58-3
320 A ( 33.3) 228.9 TAFT
300 227.9% 76AUE/WEB (2)
[Cy3H gNy] N,N,N'-Trimethyl~l,8-naphtha- 227.8 9583, 235.6 986.
lenediamine RN 20723-57-0
600 A ( 32.2) 227.8 78LAU/SAL
[CgH;gN] (i—C3H7)2(C2H5)N RN 7087-68-5 227.5 952. 235.3 984.
320 A ( 31.9) 227.5 TAFT
[CgHygN5p] 1,2-(N(CH3)2)206H4 RN 704-01-8 227.4 951. 235.2 984,
600 A . ( 31.8) 227.4 78LAU/SAL
[(‘.9H21N] (t-C4H9)C(CHj)2N(CH3)2 RN 3733—36—_6 227.3 951, 235.1 984.
320 A ( 31.7) 227.3 78SHE/GOB
[C12H27N] (n—C4H9)3N RN 102-82-9 227.0* 950.%* 234.8* 982,%*
300 B ( 21.3) 227.0% 79AUE/BOW
[C13H25N] 2,6-Di-t-butylpiperidine RN xxxxx 226.5 948. 234.3 980.
320 2z ( 26.5) 226.5 83TAF
[CBHISN] 1,4,4-Trimethyl-1,2,3,4-tetrahydropyridine 234.2%* 980 ,**
RN 35079-50-6 80HOU/VOG
[C3H10N2] 1,3-Diaminopropane RN 109-76-2 222.0 929, 234.1 979.
298 A ( 30.1) 225.7 73YAM/KEB
330 D ( 8.8) 221.9 80MAU/HAM
300 C ( 12.0) 222.1 73AUE/WEB
300 220.9% 79AUE/BOW
[CgHyN]  (n-C3Hy) 3N RN 102-69-2 226.2  946. 234.0 979,
320 ZZ ( 27.1) 227.1 83TAF
320 A ( 31.3) 226.9 TAFT
320 A ( 30.6) 226.2 75TAF-75ARN
300 B (19.9) 225.6%* 79AUE/BOW
300 B ( 20.5) 226.2 72AUE/WEB
[C4H11NO] NH,(CH,) 40H RN 13325-10-5 220.7 923, 233.8  97s.
D ( 7.6) 220.7 80MAU/HAM
[C33H,1 N1 2,6-Di-t-butylpyridine 224.7  940. 233.4  976.
RN 585-48-4
320 22 ( 24.4) 224 .4 83TAF
320 a ( 28.8) 224.4 TAFT
320 a ( 29.8) 225.4 /5TAF~/5ARN
320 A { 28.2) 223.8 75WOL/HAR
300 223%* 76AUE/WEB (2)
425 D ( 13.6) 226.7 83MAU/SIE
[C8H19NJ (t—C4H9)2NH RN 21981-37-3 225.4 943. 233.2 976.
320 A ( 29.8) 225.4 TAFT
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected . Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
{CqHy4N] 1-Cyclopentylpyrrolidine RN 18707-33-0 233.1*%% 975 **
79AUE/BOW
[C15H gl 1,4-Dimethyl-7-isopropylazulene 225, 941. 233. 975.
RN 489-84-9
320 22 ( 25. ) 225, 77WOL/ABB
[Cy3H]y4N] 2,6-Diisopropylpyridine 225.1 942, 232.9 974.
RN 6832-21-9
425 D ( 12.0) 225,.1 83MAU/SIE
[CgHigN] N-Isobutylpiperidine RN 10315-89-6 232,9%*% 974 *#*
80HOU/VOG
{CgH, N} (t=CgHy;) {t-C4Hg)NH RN 58471-09-3 224.7* 940. 232.5%* 973,
300 B ( 19.0) 224,7%* 79AUE/BOW
[CgH;gNo] 1,5-Diazabicyclo[3.3.3]- 224.6 940. 232.4 972,
undecane RN 283-58-9
320 A ( 29.0) 224.6 81ALD/ARR
[C6H15N] (C2H5)3N RN 121-44-8 224.5 939, 232.3 972,
320 A ( 29.3) 224.9 83TAF
320 A ( 28.9) 224.5 T2ARN/JON
320 A ( 28.5) 223.9 77STA/TAA-75TAF
320 A ( 28.8) 224.,5 . 83MCI
320 E ( 7.3) 225.1 74STA/BEA(2)
300 B (17.7) 223,4%* 79AUE/BOW
300 B ( 18.2) 223.9 72AUE/WEB
550 C ( 14.7) 224.8 79MAU
(C7H13N] l-azabicyclo[2.2.2)octane 224,3 938. 232.1 971.
(Quinuclidine) RN 100-76-5
320 22 ( 25.5) 225,5 83TAF
320 A ( 28.9) 224.5 77STA/TAA-75TAF
300 B ( 17.9) 223.6* 79AUE/BOW
320 E ( 7.7) 225.5 74STA/BEA(2)
232.1** 971,%* 80HOU/VOG
[CgHy gN] (CH3) 5 (£-C4Hg)N RN 518-02-5 224,2 938. 232.0 971.
320 A ( 28.6) 224.2 TAFT
[C11H13N] 1,4-Dihydro-1,4-ethanoquinoline 224.2 938. 232.0 971.
RN 4363-25-1
320 A ( 28.6) 224,2 TAFT
[CoH,4N] (CaHg) 2 (n-C3H7)N RN 4458-31-5 224 ,2%% 938, %+ 232,0%% 971 **
300 B ( 18.5) 224.,2% 79AUE/BOW
[CgHy4NO,] 3,3-Dimethoxy- 224 %% 937%* 232%* 971**
-l-azabicyclo[2.2.2]}octane RN xxxxx
300 224** 79AUE/BOW
[Cy3HgN] Acridine RN 260-94-6 224.1 938. 231.9 970,
550 C ( 14.0) 224.1 79MAU
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CgHgN30,] L-Histidine RN xxxxx 224,1 938. 231.9 970.
A ( 28.5) 224.1 83MCI
[C7H19NSil (CH3)3Si(CH2)2N(CH3)2 224.,0 937. 231.8 970.
RN 23138-94-5
320 A ( 28.4) 224,0 78SHE/GOB
[08H21Nsi] (CH3)3Si(CH2)3N(CH3)2 224.0 937. 231.8 970.
RN 28247-29-2
320 A ( 28.4) 224.0 78SHE/GOB
[C8H19N] (sec—CqHs)zNH RN 626-.23-3 223.6 935,5 231.8 970.
300 B ( 17.0) 223.6 72AUE/WEB
[C7H14N2] 3-Amino-1-azabicyclo[2.2.2]octane 224.0%* 937, ** 231.8** 970 **
RN 6238-14-8
300 224.0%* 79AUE/BOW
[CgH15N] 3-Methyl-l-azabicyclo[2.2.2]octane 223.9%* 937, ** 231.7**% 969.**
RN 695-88-5
300 223,9%%* 79AUE/BOW
[CSHISP] (C2H5)3P RN 554-70-1 223,9%% 937 %% 231.7*%*% 969, %%
300 223,9%* 79AUE/BOW
[CgHigN] 2,2,6,6~Tetramethyl- 223.9*%% 937 ** 231.7** 969, %%
piperidine RN 768-66-1
300 . 223,9** 79AUE/BOW
[C6H17NSi] (CH3)3SiCH2N(CH3)2 RN 18182-40-6 223.6 936. 231.5 968.
320 A { 28.0) 223,6 TAFT
320 A { 27.9) 223.,5 78SHE/GOB
[C;3H,1N] Pyridine,2,4-di- 223.6* 935,5%% 231.4** 968,%*
t-butyl RN 29939-31-9
300 223.6* 76AUE/WEB (2)
[C9H13N] 2,6-Diethylpyridine RN 035-28-4 223.3 9314, 231.1 267.
425 D ( 10.2) 223.3 83MAU/SIE
[C8H13N] 1-Azabicyclo[2.2.2]- 223,.2%% 934 %% 231.0** 966,5%*
ocl=2=-ene,3-methyl RN XXXXX
300 223,2%* 79AUE/BOW
[CgHy gNO] NH, (CHy) gOH RN 4048-33-3 216.0*%* 904, *=* 231.0** 966,5**
300 216.0%** 79AUE/BOW
[CgH14N] 1,4,4-Trimethylpiperidine RN 1003-84-5 230.8%* 966, %+
80HOU/VOG
[Cy,5H,1N] (CH2=C(CH3)CH2)3N RN XXXxx 222.9*%% 932,6*%* 230.7%% 965.%*
300 222.9%%* 79AUE/BOW
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kdJ/mol
[CgHq7N] ©-CgHNCH=C(CH3), RN 673-33-6 222.9%* 932.6%*  230.7** 965.%*
300 222.9%*% 79AUE/BOW
[CgHjgN] (CH3) 3C(CHy) oN(CH3) 5 RN 15673-04-8 222.6 931. 230.4 964.
320 A (27.0) 222.6 78SHE/GOB
[C13H13P] (C6H5)2(0H3)P RN 1486-28-8 222.5 931. 230.3 963.5
320 EE ( 3.2) 222.5 821IKU/KEB
[CgH14N90,] L-Lysine RN 56-87-1 222.5  931. 230.3  963.5
A ( 26.9) 222.5 83MCI
[CgH gN] (i-C3Hg),NH RN 108-18-9 222.0 929, 230.2 963,
320 A ( 26.4) 222.0 TAFT
320 A ( 25.5) 221.1 75ARN
A ( 26.4) 222.0 83MCI
300 B ( 15.0) 220.7% 79AUE/BOW
300 B (16.2) 221.9 72AUE/WEB
[C10H19N] 1-Azabicyclo[3.3.3]undecane 222.3 930. 230.1 963.
(Manxine) RN 31023~92-4
300 B ( 16.6) 222.3 75AUE/WEB
300 223%% 79AUE/BOW
[CgHy3N] 1-Azabicyclo[2.2.2]- 222.3*%* 930,.*%* 230.1*%% 963, **
octane,3-methylene RN 22207-84-7
300 222.3%%* 79AUE/BOW
[CgH13N] (CH3) (CyHg) N RN 616-39-7 222.2 930. 230.0 962,
320 A ( 26.9) 222.5 TAFT
320 A ( 26.3) 221.9 75TAF-75ARN
[C1pH2406) 1,4,7,10,13,16-Hexaoxa- 216.0  904. 230.0  962.
cyclooctadecane (18-Crown-6) RN 17455-13-9
300 (Key) 211.3 83MATl
300 A ( 20.4) 216.0 84SHA/BLA
[C1pH14Ny] N,N'-Dimethyl-1,8-naphthalene- 223.0 933, 230.0 962,
diamine RN.20734-56-9
600 A ( 27.9) 223.0 78LAU/SAL
[C9H15N] (CH2=CHCH2)3N RN 102-70-5 222.2 930. 230.0 962,
320 A ( 27.0) 222.6 TAFT
320 A ( 26.4) 222.0 75TAF-75ARN
300 221,.5%%* 79AUE/BOW
[CgHEN,] 4-Pyridinamine RN 504-24-5 222% 929* 230%* 962%*
300 222% 76AUE/WEB (2)
[C1gH 58] (CgHg)3P RN 603-35-0 222.5 931, T230. 962,
320 RR ( ~3.2) 2929.5 82IKU/KER
[CqHy7N] (CH3),(neo-CgHyy)N RN 10076-31-0  222.1  929. 229.9 962,
320 A ( 26.6) 222.1 . TAFT
320 A ( 26.5) 222.0 78SHE/GOB
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Table 1. Gas phase basicities and proton affinities—--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C;H1gN;] N,N-Dimethyl-3-pyridinamine 222.1%* 929,.%* 220.9%% 962, **
RN 18437-57-5
300 222,1** 76AUE/WEB (2)
[CgHy3N] (CH3)(i-C3H7)N RN 996-35-0 222.0 929, 229.8 961,
320 A ( 26.9) 222.5 TAFT
300 B ( 15.4) 221.1%* 79AUE/BOW
[C8H21NSi] (CH3)2(t—C4H9)SiN(CH3)2 221.9 928. 229.7 961.
RN 66365-05-7
320 A ( 26.3) 221.9 78SHE/GOB
[CcHi3N] 1-Methylpiperidine RN 626-67-5 221.9 928. 229.7 961.
320 A ( 26.8) 222.4 TAFT
320 A - 2/.¢8) 223.0 75ARN
300 B ( 15.3) 221.0 76AUE/WEB
[CgHy,P] CgHgP (CH3) , RN 672-66-2 221.8 928. 229.6 961.
32U EE ( 2.5) 221.8 821IKU/KEB
[C5H11N] (CH3)2C=NC2H5 RN 15673-04-8 221.7*% 927 5%* 229.5%% 960,**
300 221 ,7%* 79AUE/BOW
[CgH3N] (CH3) ,C=CHN(CH3), RN xxxxX 221.7  928. 229.5  960.
(br) 221.7 81ELL/DIX
[C5HypN] CH3CH=CHN(CH3), RN 6163-56-0 221.7  928. 229.4  960.
(br) 221.7 81ELL/DIX
[C12H19N] C6H4N(CH3)2,2-t—C4H9 RN 22025-87-2 221.5 927. 229.3 959.
320 A ( 25.9) 221.5 TAFT
[C7H10N2] N,N-Dimethyl-2-pyridinamine 221.4* 926,.%* 229,2* 959 .*
RN 5683-33-0
300 221.4* 76AUE/WEB (2)
[CgHyNy]1 1,4-Diazabicyclo[2.2.2]octane 221.2 925.5 229.0 958.
RN 280-57-9
320 A ( 25.1) 220.6 75ARN
320 E ( 3.8) 221.6 74STA/BEA(2)
300 B ( 15.0) 220.7 76AUE/WEB
300 220*%* 79AUE /BOW
[CH,0] HCOH RN xxxxXX 221, 925. 229, 958.
(br) 221. 82PAU/HEH (2)
[CyHgN,] 1-Methylimidazole RN 616-47-7 221.1 925. 228.9 958.
320 A ( 25.1) 220.7 TAFT
(br) 221.4 81ELL/DIX
600  (Key) 220. 83MAU
[C11H19N] 2-CgHj 5 (c-CgHyN) RN 1129-69-7 221.1 925. 228.9 958.
425 D ( 8.0) 221.1 83MAU/SIE
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mo! kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C11H17N] 3-CH3CoH N(CyHg), RN 91-67-8 220.9 924. 228.9 958.
320 1 ( 5.5) 220.9 LIA/JAC
[CsﬂllN] N-Melbylpyrroulidine RN 120-924-5 220.9 924. 228.7 957.
320 A ( 25.7) 221.3 75TAF-75ARN
300 B ( 14.3) 220.0 76AUE/WEB
D ( 8.3) 221.4 73TAF/TAA-78TAA/WOL
[C3HgNO] NH, (CHy) 30H RN 156-87-6 217.3 309. 228.6 956.5
330 D ( 4.2) 217.3 80MAU/HAM
216,0%%* 79AUE/BOW
[CgHgN]l (i-C4Hg)oNH RN 110-96-3 220.4 922. 228.6 956.
300 B ( 14.7) 220.4%* 72AUE/WEB
320 A ( 25.2) 220.4 75ARN
[C11H;7N] 4-CH3C H, N(CyHg), RN 613-48-9 220.6 923. 228.6 956.
I ( 5.2) 220.6 LIA/JAC
[C}.ZHlSN] C6H5N(C3H7)2 KN 2217-07-4 220.6 923. 228.6 956.
320 I { 5.2) 220.6 LIA/JAC
[C7HllN] l-Azabicyclo[2.2.2}oct~2-ene 220.7%*% 923, ** 228 ,5*%*% 956 **

RN 13929-94-7

300 220.7%* 79AUE/BOW
229.3*%* 953 ,%* B8QHOU/VOG

[C8H19N] (n-C4Hg) ,NH RN 111-92-2 220.3 922. 228.4 956.
300 B ( 14.5) 220,2%* 76AUE/WEB
300 B ( 14.96) 220.3 72AUE/WEB
320 A ( 24.96) 220.2 75ARN
[C7H9N] 2,6-Dimethylpyridine RN 108-48-5 220.4 922. 228.2 955.
300 219,2%* 76AUE/WEB (2)
320 A ( 24.3) 219.9 75ARN
425 D ( 7.8) 220.9 83MAU/SIE
[CGHllNOI c—C5H8N(2-OCH3) RN 53687-79-9 220.3* 922.* - 228.,1* 954.%*
300 B ( 14.6) 220,3%* 79AUE/BET
[C7FH12N] 3-Fluoro-l-azabicyclo[3.2.1]octane 220.3** 922, ** 228.1*%* 954 **
RN xxxxx
300 220.3%%* 79AUE/BOW
[CgHy3N] CHgCH,N(CH4) , RN 103-83-3 220,3** 922 ** 228.1*%* 954 **
300 220,3%* 79AUE/BOW
[C4H9N] (CHB)ZNCH=CH2 RN 5763-87-1 220.0 920. 227.8 953.
(br) 220.0 81ELL/DIX
[CnglN] 2,3-Cyclohexenopyridine 219.9%* 920.** 227.7%% 953 %%

RN 10500-57~9

300 219.9%* . 79AUE/BOW
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CgHyN] 3,4-Cyclohexenopyridine 219.9%* 920, ** 227.7*% 953 %%
RN 36566-06-6
300 219,9%%* 79AUE/BOW
[C7C1H) 4N] c-CgHgl,2-CH,Cl,1-CHyq 219.8%* 920.%* 227.6%* 952 %%
RN 49665-74-9
300 219.8%** 79AUE/BOW
[C1gH15N] CgHGN{(CyHg)y RN 91-66-7 219.6  919. 227.6 952,
600 A ( 26.9) 222.0 73YAM/KEB
325 I ( 4.2) 219.6 LIA/JAC
[CgH7NO] 4-Methoxypyridine RN 620~08-6 219.8 920. 227.6 952.
320 D ( 8.7) 221.7 72TAA/HEN
320 A ( 24.8) 220.4 81TAA/SUM
320 a ( 24.2) 219.8 75TAF~75AKRN
300 218.8% 76AUE/WEB (2)
[C4H1yN] (CH3) 5 (CoHg)N RN 598-56-1 219.7 919. 227.5 952.
320 EN ( 24.5) 220.1 TAFT
320 A ( 23.9) 219.5 75TAF~75ARN
300 B ( 13.1) 218.8%* 76AUE/WEB
[{CgH1sN] (n-C3Hq)NH RN 142-84-7 219.7  919. 227.5 952,
320 A ( 24.3) 219.9 75TAF-83TAF
300 B ( 13.5) 219,.2%* 79AUE/BOW
300 B ( 13.8) 219.5 72AUE/WEB
535 C ( 9.6) 219.7 79MAU
[CgH;3N] 2-t-Butylpyridine RN 5944-41-2 219.6** 919, ** 227.4** 95] ,**
300 218,6%* 79AUE/BOW
425 D ( 7.4) 220.5 83MAU/SIE
[CgHy3N] (CyHg) (i-C3H9)NH RN 19961-27-4 219.4  91s. 227.4  951.
320 A ( 23.8) 219.4 TAFT
[C7H9N] 2,4-Dimethylpyridine RN 108-47-4 219.5* 918.* 227.3*% 951.%*
300 219.5% 76AUE/WEB (2)
[CgHy1N] 2-Isopropylpyridine RN 75981-47-4 219.4 918. 227.2 951.
425 D ( 6.3) 219.4 83MAU/SIE
[CygHp205] CH3(OCH,CH,) 4OCH; RN 143-24-8 213.2  892. 227.2  951.
300 A ( 17.6) 213.2 84 SHA/KEB
[C3HgP] (CH3) 3P RN 594-09-2 219.3 917.5 227.1 950.
320 EE ( 0.0) 219.3 82IKU/KEB
320 B ( 1.9) 219.3 74STA/BEA
320 a ( 23.4) 219.0 75TAF
[BrCqH; ,N] 3~Bromo-l-azabicyclo[2.2.2]- 219.3*%* 917, 5%%* 227.1*%%* 950, **
octane RN xxxxx
300 219.3*%* 79AUE/BOW
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol  kcal/mol kJ/mol kcal/mol kJ/mol
[CgHy3N] CgHgN(CH3) (CyHg) RN 613-97-8 219.3 917.5 227.1 950.
600 A ( 24.2) 219.3 73YAM/KEB-78LAU/SAL
[C1oH15N] 3,5-(CH3) oC4HN(CH3) 5 RN 4913-13-7 219.0  916. 227.0  950.
320 I ( 3.6) 219.0 LIA/JAC
[CgHgN] 3,4-Cyclopentenopyridine RN xxxxx 219.0** 916, ,** 226.8%*% 949, **
300 219,0%* 79AUE/BOW
[C9H7N] Quinoline RN 91-22-5 218.7 915. 226.5 948,
425 (Key) 225.8 81MCL/CAM
535 . C ( 8.96) 218.7 79MAU
[C3HBSi] (CH3)ZSi=CH2 RN 4112-23-6 218.0 912, 226.4 947.
320 A ( 22.4) 218.0 82PIE/HEH
320 (br) ~21¢9.0 79P1E/POL
[CgHygNSi]  (CH3) 3SiN(CH3), RN 18135-05-2 226.4 947.
(br) 83HEN/FRE
[C5H11N] Piperidine RN 110-89-4 218.2 913. 226.4 947.
320 A ( 22.3) 217.9 75TAF-75ARN-83TAF
300 B ( 1.0) 218.8 71BOW/AUE
300 C ( 8.3) 218.4 73AUE/WEB
300 B ( 11.9) 217.4 7SAUE/WEB (2)
300 B ( 11.5) 217.2%* 76AUE /WEB
600 A ( 23.1) 218.2 78LAU/SAL
600 A ( 24.5) 219.6 73YAM/KEB
[C3HoN] CH,=C(CH3)NH, RN 4427-28-5 218.5 914, 226.3 947,
(Key) 218.5 81ELL/DIX
[C7H9Nl 2-Ethylpyridine RN 100-71-0 218.4 914. 226.2 946.
300 217.1%* 76AUE/WEB (2)
425 D ( 5.3) 218.4 83MAU/SIE
1CoHgNj 2,3-Dimethylpyridine RN 583-61-9 218.4* '914.%* 226.2* 946.*
300 218.,.4%* 76AUE/WEB (2)
[C;HgN] 3,4-Dimethylpyridine RN 583-58-4 218.4*% 914.%* 226.2* 946.*
300 218.4%* 76AUE/WEB (2)
[CgH13045P] cis,cis-2-Methoxy-4,6-dimethyl- 218.4 914. 226.2 946.
1,3,2-dioxaphosphorinane RN 7735-82-2
320 (Key) 218.4 80HOD/HOU
[CyoHo4No] 1,6-Diazabicyclo(4.4.4]- 218.9 916. 226.0 946.
tetradecane KN 71058-67-8
320 A ( 23.3) 218.9 81ALD/ARR
[C;HgN] 2,5-Dimethylpyridine RN 589-93-5 218.,2* 913,.* 226.0* 946.%*
300 218,2* 76AUE/WEB(2)
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C7H9N0] Pyridine-2-methoxymethyl 218.2%% 913, ** 226.0%* 945 5%%*
RN 23579-92-2
300 218,2** 79AUE/BOW
[C5HgNO] ©-C4HN (2-0CH,) RN 5264-35-7 218.1  912.5 225.9 945,
300 B { 12.4) 218.1 79AUE/BET
[CyHgN,] 1,2-Diaminoethane RN 107-15-3 219.2 917. 225.9 945.
298 A ( 24.1) 219.2 73YAM/KEB
330 b ( 3.4) 216.6 80MAU/HAM
300 c { 6.5) 216.6 73AUE/WEB
[C4llllN] (CZHS)ZNH RN 109-89-7 21747 911. 225.9 945,
320 A ( 22.0) 217.6 83TAF
320 A ( 21.6) 217.2 75TAF~-75ARN
320 A ( 22,0) 217.6 72ARN/JON
300 B ( 12.0} 217.7 72AUE/WEB
300 B (11.7) 217.4 75AUE/WEB (2)
300 B ( 11.2) 216.9%* 76AUE/WEB
550 C ( 7.6) 217.7 79MAU
[CgHyN] Isoquinoline RN 11Y-65-3 218.1 912, 225.9 945,
535 C ( 8.0) 218.1 T9MAU
[CgH3N] 4~-t-Butylpyridine RN 3978-81-2 218.1 913, 225.9 945.
300 218,.1% 76AUE/WEB(2)
[C7H7N] 3,4-Cyclobutenopyridine RN xxxxx 218.,1*%*% 912 *x 225,9%% 945 **
300 218.1*%* 79AUE/BOW
[CllHlsN] l-Phenylpiperidine RN 4096-2-2 219.5 918. 225.8 945.
320 A ( 23.9) 219.5 TAFT
[C8H9N] 2,3-Cyclopentenopyridine RN XXxxx 218.,0%* 912, ** 225.8*%* 945 **
300 218,0** 79AUE/BOW
[C7C1HyN] 3-Chloro-l-azabicyclo[2.2.2]- 218.0**% 912 *x 225.8** 945, **
octane RN 42332-45-6
300 218,0%%* 79AUE/BOW
[CgHy3N] 4-CH3CgH,N(CH3), RN 99-97-8 217.6 910. 225.6 944.
320 I ( 2.2) 217.6 LIA/JAC
[clUC1Hl4N] 4-ClelI4N(CZH5)2 RN 2873-89-4 217.8 911. 225.6 944,
320 I ( -2.4) 213.0 LIA/JAC
[C7HgN] 3,5-Dimethylpyridine RN 591-22-0 217.7* 911.* 225.5% 943.*
300 B ( 12.0) 217.7% 76AUE/WEB
[CEHyNS] 4-(Methylthio)-pyridine 217.7%% 911, ** 225.5%% 943 **
RN 22581-72-2
300 217,7*%* 79AUE/BOW
[C11H12N202] L-Tryptophan RN 54-12-6 217.6 910. 225.4 943,
A (22.0) 217.6 83MCI
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C6H13N] n-C3H,CH=NC,Hg RN 1611-12-7 217.5%% 910,.** 225.3%% 943 . **
300 217.5%* 79AUE/BOW
{CGH7N] 4-Methylpyridine RN 108-89-4 217.4 909. 225.2 -+ 942,
320 D ( +5.4) 218.4 72TAA/HEN
320 A ( 21.1) 216.7 83TAF
320 A ( 21.4) 217.0 75TAF-75ARN
[C4HgN] Pyrrolidine RN 123-75-1 217.3 909. 225.2 942,
320 A ( 21.3) 216.9 83TAF-81TAA/SUM
320 A ( 21.4) 217.0 75TAF-75ARN
300 B ( 10.4) 216,.1* 76AUE/WEB
320 E ( -0.3) 217.5 71BOW/AUE
[C3H9N] (CH3) 3N RN 75-50-3 217.3 309. 225.1 942,
320 E ( 0.0) 217.3 74STA/BEA
320 E ( 0.0) 217.3 74STA/BEA (2)
300 E ( 0.0) 217.3 71BOW/AUE
300 B ( 11.5) 217.2 72AUE/WEB
300 B ( 10.7) 216.4 7SAUE/WEB(2)
300 B ( 10.8) 216.5%* 76AUE/WEB
320 A ( 21.9) 217.4 TAFT
320 A ( 21.4) 216,9 75TAF~75ARN
320 A ( 21.8) 217.3 72HEN/TAA-72ARN/JON
A ( 22.0) 217.6 83MCI-83TAF
330 D ( 4.4) 217.5 80MAU/HAM
600 A ( 23.3) 218.4 72BRI/YAM
[CgHyN] 2-Methylpyridine RN 109-06-8 217.2 9209. 225.0 942.
320 A ( 21.5) 217.1 TAFT
215,.9%* 76AUE/WEB(2)
425 D ( 4.1) 217.2 83MAU/SIE
[CgH1303P) trans-2-Methoxy-cis,cis-4,6- 216 904 225 941
dimethyl-1,3,2-dioxaphosphorinane RN 41821-91-4
320 A 216 80HOD/HOU
[CigH13N] N-Phenylpyrrolidine RN 4096-21-3 216.9 907. 224.7 940.
320 A ( 21.3) 216,.9 TAFT
[CgH31N] (CH,=CHCH,) o NH RN 124-02-7 216.9 907, 224.7 940,
320 a ( 21.3) 216.9 TAFT
[CgH,NO] Quinoline-l-oxide RN 1613-37-2 216.8 907. 224.6 940.
526 C ( 6.7) 216.8 79MAU
[C7H9N] 4-Ethylpyridine RN 536-75-4 216,8%* 907 ,** 224.6%*% 940,**
300 216.8* T6AUE/WEB (2)
[CgH) 3N] 3-CH3CgH M(CH3), RN 121-72-2 216.7 907. 224.5 9239,
320 F ( 14.3) 216.7 77POL/DEV
[CgHyNO3] CH3CONHCH (CH3)COOCH, 211. 883. 224.5 939,
(N-Acetyl L-alanine methyl ester) RN xxxxx
(Key) 211. 83MAU
[C4HgN,] 4-Methylimidazole RN 822-36-6 216.6 906, 224.4 939.
600 (Key) 216.6 83MAU

723
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Table l. Gas phase basicities and proton affinities—--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C4HigNy] Piperazine RN 110-85-0 216.4 905, 224.2 938.
300 C ( 6.3) 216.4 73AUE/WEB
[C6H7N] 3-Methylpyridine RN 108-99-6 216.2 905. 224.1 938.
320 A ( 20.6) 216.2 TAFT
300 B ( 9.3) 215.0% 76AUE/WEB
215.0% 76AUE/WEB(2)
600 D ( 4.2) 217.3 83MAU
[CgHy g0y1 CH3 (OCHpCHy) 30CH3 RN 112-49-2 210.8 882. 224.1 938.
300 (Key) “212 83MAU
300 A ( 15.2) 210.8 84SHA/BLA
[C4C1H gN] 3-Chloro-l-azabicyclo{2.2.2]- 216.2*%* 904,5%* 224,.0%% 937 **
oct-2-ene RN XXxXXX
216, 2%* 79AUE/BOW
[C10H17N0] cis-3-Amino-2-twistanol RN xxxxx 216.2 904.5 224.0 937.
(Key) 216.2 83HOU/RUF
[CgHy5NO] cis-3-Aminobicyclo[2.2.2}octan-2- 216.1  904. 223.9  937.
ol RN 17997-65-8
(Key} 216.1 83HOU/RUF
[C3HgPb] (CH3),Pb=CH, RN 82065-01-8 216.1  904. 223.9° 937,
320 A ( 20.5) 216.1 82PIE/HEH
[CoHgN] 3-Ethylpyridine RN 536-78-7 216.1* 904.* 223.9% 937,.*
216.1* 76AUE/WEB (2)
[CIOHIONZ] 1,8-Diaminonaphthalene 216.2 904.5 223.8 936,
RN 479-27-6
600 A { 21.1) 216,2 78LAU/SAL
[C4H5N30] Cytosine RN 71-30-7 216.0 904. 223.8 936.
535 C 5.9) 216,0 79MAU
(br) ~215 7SWIL/MCC
[CgHgN,] 2-Pyridinamine RN 504-29-0 216,0* 904.* 223.8* 936.*
216.0%* 79AUE/BOW
[C12H8N2] Phenazine RN 92-82-0 216.6 906. 223.7 936.
514 C { 6.5) 216.6 79MAU
[chHZOOS] 1,4,7,10,13-Pentaoxacyclopenta- 212.5 889, 223.¢6 935,
decane (15-Crown-5) RN 33100-27-5
300 (Key) 212, 83MAU
300 A 212.5 84SHA/BLA
[CgH,NO] 3-Methoxypyridine RN 7295-76-3 215.7 902. 223.6 935.
320 A { 20.9) 216.5 TAFT
214,7* 76AUE/WEB(2)
[CSHSNSI Adenine RN 73-24-5 215.7 902, 223.5 935,
550 c ( 5.6) 215.7 79MAU
(br) 215 75WIL/MCC
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ3/mol kcal/mol kJ/mol
[C3H7N] Azetidine RN 503-29-7 215.7 902, 223.5 935.
300 B ( 9.1) 214.8 75AUE/WEB (2)
300 B ( 8.8) 214,5%* 76AUE/WEB
300 E ( -2.1) 215.3 71BOW/AUE
{CgH11N] CgHgN(CH3), RN 121-69-7 215.4 901. 223.4 935.
320 I ( 0.0) 215.4 LIA/JAC
320 A ( 19.9) 215.5 75TAF-83TAF
A ( 19.8) 215.4 83MCI
320 F ( 12.5) 215.4 77POL/DEV
600 A ( 21.7) 216.8 73YAM/KEB-78LAU/SAL

[C7H7N] 2,3-Cyclobute

300

[C3HgNO] CH30CH,CH,NH
300 c

[C7H7N] 4-Vinylpyridi

[CgHgN,] Cinnoline R
535 o]
[CygH1gNi]l Ni(CgHs),

320 (Key)
320 A

[CgHgNg0] Guanine RN
(br)

[CgHgNy4] 6-Methylpuri
(bx)

[C3HgN] (CH3) (CpHg) NH

320 A
320 A
300 B

[C4HgN] CH3CH=NC,yHg
300 B
[CgHgN,1 1,3-CgHy (NH,

600 F
600 A

[CgHy3NO3] L-Tyrosine
A
[CgH; 3N] t-CgHyjNH, R

300 B

nopyridine RN xxxxx
215.5%*
2 RN 109-85-3
( 2.2) 212.3%
ne RN 100-43-6
215.4%*
N 253-66-7
( 5.3) 215.4

RN 1271-28-9

216.
(19.1) 214.7
-73-40-5
~215

ne RN 2004-03-7
~215

RN 624-78-2

( 19.8) 215.3
(19.1) 214.7
( 9.1) 214.8%

RN 1190-79-0
( 9.2) 214.9

)5 RN 108-45-2

( 12.2) 214.7
(19.7) 214.8
RN xXXXXx
( 18.9) 214.5
N 594-39-8
( 8.2) 213.9%*

215.5%* 902, **
212.3* 888.*

215.4%% 901.**

215.4 901.
216. 904,
~215 ~899
~215 ~899
215.1 900.
214.9 899.
214.7 898.
214.5 897.
213.9* 895.*

223.3%* Q34 **
223.3*% 934.%*

223,2%% 934, *%

223.2 934.
223. 933.
~223 ~933
~223 ~933
222.8 932.
222.7 932.
222.4 930.5
222.3 930.
222.3* 930.*
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C1oH19NO] 4-Aminodecahydro-3-naphthalenol 214.3 897. 222.1 929.
RN xxxxx
(Key) 214.3 83HOU/RUF
[C6H7NS] 2-(Methylthio)-pyridine 214.2 896. 222.0 929,
RN 18438-38-5
300 B ( 8.5) 214.2 .~ 79AUE/BET
214,2% : 76AUE/WEB (2)
[C,HgO] 4-Methylene-2,5-cyclohexadiene-l-one RN 502-87-4 ~222%%  _929%%
(br) 77DIT/NIB
{C;H;1NO] 1-Azabicyclo[2.2.2]octan~3-one 214.1** 896,%* 221.9%% 928 **
RN 3731-38-2
214, 1x* 79AUE/BOW
[CgHyNO] 2-Methoxypyridine RN 1628-89-3 214.1 896. 221.9 928.
320 A ( 18.8) 214.4 : 76CO0/KAT
300 B ( 7.8) 213.5 79AUE/BET
213,.5%* 76AUE/WEB (2)
[C6H1402] CH30(CH2)40CH3 RN 13179-96-9 209.0 874. 221.8 928.
300 A (13.4) 209.0 84SHA/BLA
[C7H,£0,] CH30(CH,) gOCH3 RN 111-89-7 208.8 874. 221.8 928.
300 A ( 13.2) 208.8 84SHA/BLA
[CgH;N] C6H5NHC2H5 RN 103-69-5 214.0 895. 221.8 928.
600 A ( 18.4) 214.0 73YAM/KEB-78LAU/SAL
425 (Key) 218.8 81MCL/CAM
[C7F2H11N] 3,3-Difluoro-i-azabicyclo- 214.0%* 895.** 2Z1.8** 928.**
[2.2.2]octane RN XXXXXx
214.0%* 79AUE/BOW
[C,Hy3N] Bicyclo{2.2.1}heptan-2-amine, 213.3%% 892 %% 221.7%% 927 . %%
exo (2-Aminonorbornane) RN 7242-92-4
213,3%* 79AUE/BOW
[C4H3N] Bicyclo[2.2.1]heptan-2-amine, 213.3*%% 892 ** 221.7%% 927, **
endo (2-Aminonorbornane) RN 31002-73-0
213.3%* 79AUE/BOW
[CgHy404) 1,4,7,10~-Tetraoxa- 211.3 884, 221.6 927.
cyclododecane (12-Crown-4) RN 294-93-9
300 (Koy) 211.0 23MAU
300 A 211.3 84SHA/BLA
[C3H4N] N-Methylaziridine RN 1072-44-2 213.8 894. 221.6 927.
300 B { 8.1) 213.8 75AUB/WEB (2)
{C1gH;7NO] trans-3-Amino-2-twistanol 213.7 894. 221.5 927.
(Key) 213.7 83HOU/RUF
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CgH,1NO,S] L-Methionine RN 59-51-8 213.6  894. 221.4 926.
A ( 18.0) 213.6 83MCI
[CoH,NO] NH,(CH,) ,0H RN 141-43-5 213.4 893. 221.3 926.
330 D ( 0.3) 213.4 80MAU/HAM
[CgHy3N] c-CgHyNHy RN 108-91-8 213.4 893, 221.2 925.5
320 A ( 17.5) 213.1 75TAF-75ARN-83TAF
300 B ( 7.2) 212.9* 76AUE/WEB
600 A ( 19.5) 214.6 73YAM/KEB
lC5H6N2J 3-Aminopyridine RN 462-08-8 213.2* 892.* 221.0* 925.%*
213.2* 76AUE/WEB(2)
[CgH1408i] CH,=C(CH3)0Si(CH;)q RN 1833-53-0 213. 891. 221, 925,
(br) 213. 82HEN/WEI
[C4H Nl t-C,HgNH, RN 75-64-9 213.0 891. 220.8 924,
320 A ( 17.1) 213.0 75TAF-75ARN
320 A ( 17.6) 213,2 72HEN/TAA-72ARN/JON
A ( 17.8) 213.4 83MCI-83TAF
300 B ( 7.2) 212,9%* 76AUE /WEB
300 B ( 7.0) 212.7 72AUE/WEB
514 C ( 3.3) 213.4 79MAU
550 a ( 16.9) 212.1 80MAU
[CgHgN] Pyridine RN 110-86-1 213.1 892. 220.8 924.
425 D ( 0.0) 213.1 B3MAU/SIE
D ( 0.0) 213.1 BOMAU/HAM
D ( 0.0) 213.1 83MAU
320 A ( 17.7) 213.3 83TAF
320 A (17.0) 212.6 75TAF-75ARN
300 B ( 6.4) 212.1 75AUE/WEB (2)
300 B ( 6.9) 212.6%* 76AUE/WEB
520 C ( 3.0) 213.1 79MAU
550 A ( 17.3) 212.5 80MAU
600 A ( 17.6) 212.7 78LAU/SAL
600 A ( 18.6) 213.7 72BRI/YAM
[C3H4N] . (CH3) ;C=NH RN 38697-07-3 212.9 891 220.7 923
(br) 212.9 81ELL/DIX
[C1oH23N] n-(CygHy ) NHy RN 2016-57-1 212,3*%% 888, ,** 220.7%*% 923 **
212,3%%* 79AUE/BOW
[C3H903P] P(OCH3)3 RN 121-45-9 213.0 891. 220.6 923.
300 (Key) 213.0 80HOD/MCD
[CoH3 3031 1,3,5-CgH3(OCH3) 3 RN 621-23-8 213.1  892. 220.6  923.
320 A ( 17.5) 213.1 TAFT
[C8H15N0] trans~-3-Aminobicyclo[2.2.2]~ 212.8 890. 220.6 923.

octan-2-ol RN 40335-14-6

(Key) 212.8 83HOU/RUF
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative . Gas Selected Proton Reference
ence gas basicity gas affinity :
base basicity basicity

kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CyH9N] (CH3) HNH RN 124-40-3 212,.8 890, 220.6 923.

320 A (17.1) 212.7 83TAF

320 A ( 16.8) 212.4 75TAF-75ARN

320 A ( 16.8) 212.4 72HEN/TAA-72ARN/JON

A ( 16.8) 212.4 83MCI

300 B ( 6.8) 212.5 °  72AUE/WEB

300 B ( 6.5) 212.1 75AUE/WEB (2)

300 B ( 6.6) 212,3% 76AUE/WEB

600 A ( 18.3) 213.4 72BRI/YAM

D ( 0.1) 213.2 80MAU/HAM
[C4Hy1N] sec-Cy4HgNH, RN 13952-84-6 211.7  886. 220.5 922,
300 B ( 6.4) 212.1* 76AUE /WEB
300 B ( 6.0) 211.7 72AUE/WEB
[CgH)gN] n-(CgHy4)NH, RN 111-86-4 212.0%% 887.%* 220.4%% 922 %%
212,0%%* 79AUE/BOW
[CSHSNO] Pyridine-N-oxide RN 694-59-7 213.3 892, 220.3 922.
550 C ( 3.2) 213.3 79IMAU
[C9H9N] (HCCCH2)3N RN 6921-29-5 212.4 889. 220.2 921.
320 A ( 16.6) 212,2 TAFT
320 A ( 16.0) 211.6 75TAF-75ARN
[C6H7N0] l-Methyl-2-pyridinone 212.2 888. 220.2 921.
RN 694-85-9
300 B ( 6.5) 212.2 79AUE/BET
320 D ( -1.0) 212.6 76C0O0/KAT
{C5HgNO,) ©-C4HoNH (2-COOH) 212.4  889. 220.2  921.
(L-Proline) RN 609-36-9
370 a ( 20.1) 215.7 83MCI
600 A ( 11.0) 212.4 73YAM/KEB
[CqoH,7NO] trans-3-Amino-2-twistanol 212.,2 888. 220.0 920.
RN xxxxx )
(Key) 212.2 83HOU /ROF
[C12Hp1NO] 3-Amino-tricyclo[7.3.0.0%78) 212.2  88s. 220.0  920.
dodecan~2-01 RN XXXXX
(Key) 212.2 83HOU/RUF
[CyoHg] Azulene RN 275-51-4 212.5  889. 220. 921.

320 A ( 23.7) 219.3 TAFT

320 A { 22.6) 218.2 75WOL/HAR

320 zZ ( 18.1) 218.1 77WOL/ABB

550 A (17.3) 212.5 (1983, value reconfirmed) 80MAU

[CoHgN,] (CH3) gNNH, RN 57-14-7 212.1 887. 219.9 920.
320 A ( 16.8) 212.4 . TAFT
320 A ( 16.2) 211.8 75TAF-75ARN
[CyHgN,03] L-Asparagine RN 3130-87-8 212.0 887. 219.8 320.
A ( 16.4) 212.0 83MCI
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity .
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C3HyN,] Imidazole RN 288-32-4 212.0 887. 219.8 920.
600 D ( -1.1) 212.0 83MAU
[C4H903P] 2-Methoxy-1,3,2-dioxa- 211.7 886. 219.4 918.
phosphorinane RN 31121-06-9
320 (Key) 211.7 80HOD/HOU
[C4HgNO] Morpholine RN 110-91-8 211.6 885. 219.4 918.
300 C ( 1.5) 211.6 73AUE/WEB
{CgHy 403] CH3(OCH,CHy) OCH3 RN 111-96-6 207.4 868. 219.4 918.
300 (Key) 207.4 83MAU
300 A ( 10.9) 206.5 84SHA/BLA
[CgH13N] . neo-CgHj NH, RN 5813-64-9 211.7 886. 219.3 917.5
320 a ( 16.1) 211.6 TAFT
300 B ( 6.1) 211.8 76AUE/WEB
[CgHyNy] Purine RN 120-73-0 211.5 885. 219.3 917.5
515 Cc ( +1.4) 211.5 79MAU
{bx) ~209 75WIL/MCC
[CgH11NO] c-CgHgN(2-0)1-CH3 RN 931-20-4 211.5  885. 219.3  917.5
300 B { 5.8) 211.5 79AUE/BET
320 A { 15.6) 211.2 76CO0/KAT
209,1** 79AUE /BOW
[C3H7N] 2-Methylaziridine RN 75~55-8 211.,4** 884 ** 219.2%% 917 . **
211.4%** 79AUE/BOW
[CyHgN] CH,=CHNH, RN 593-67-9 211.3 884. 219.1 917.
(Key) 211.3 81ELL/DIX
{C4H 4N] n-CyHjgNHy RN 111-68-2 211.2 884, 219.0 916.
300 C ( 1.1) 211.2 73AUE/WEB
[CgHEN] CgHgNH radical RN xxxxx 211 883 219 916
(br) 211 82MAU
[CECLlHgN] 2-Chloro-6-methylpyridine 211%* 883* 219%%* 916**
RN 18368-63-3 ‘
211%* 79AUE/BOW
[Mg,] Mg, RN 29904-79-8 21947 916.
(Key) 77P0/POR
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C7HGO] 2,4,6-Cycloheptatriene-l-one 212 887 219 918
(Tropone) RN 539-80-0
(br) 226%% 945%* 77DIT/NIB
(br) 212 83CAS/FRE
[C5Hy3N] n-CgHyyNH, RN 110-58-7 211.1 883. 218.9 916.
300 B { 5.6) 211.3 79AUE/BET
535 C ( +0.8) 210.9 79MAU
[CgHy3NO,] L-Isoleucine RN 73-32-5 211.1 883. 218.9 916.
A ( 15.6) 211.1 83MCI
[CgH 5Nl n-CgHyaNH, RN 111-26-2 211.1 883. 218.9 916.
300 C ( l.0) 211.1 73AUE/WEB
211,7%* 79AUE/BOW
[CyHyyN] i-C,HgNH, RN 78-81-9 211.1* 883.* 218.8*% 915.%*
300 B ( 5.4} 211.1* 76AUE/WEB
300 B ( 4.8) 210.5 72AUE/WEB
320 A (17.1) 212.7 75ARN
[C3H,NO,] Sarcosine RN xxxxx 210.9 882, 218.7 915.
A ( 15.3) 210.9 83MCI
[C3HgN] i-C3H NH, RN 75-31-0 211.0 883. 218.6 915,
320 A { 15.4) 211.0 75TAF-72HEN/TAA-72ARN/JON-83TAF
300 B ( 5.3) 211.0%* T6AUE/WERB
300 B ( 4.9) 210.6 72AUE/WEB
600 D ( =3.5) 209.6 83MAU
[C4H9N03] L-Threonine RN xXXXX 210.8 882. 218.6 915.
A ( 15.2) 210.8 83MCI
[CcClHGN] 2-Chloro-4-methylpyridine 210.8** 882 ** 218.6%* 915,.%*
RN 3678-62-4
210.8%%* 79AUE/BOW
[CgHygN203] L-Glutamine RN 585-21-7 210.6 881, 218.4 914.
A ( 15.0) 210.6 83MCI
[C4H11N] n-CyHgNH, RN 109-73-9 210.6 881. 218.4 914.
320 A ( 14.6) 210.2 83TAF
320 A ( 14.5) 210.1 75TAF-75ARN
A ( 14.8) 210.4 83MCI
300 B ( 4.9) 210.6% 76AUE/WEB
300 B ( 4.5) 210,.2 72RAUE/WEB
515 C ( 0.5) 210.6 79MAU
[CgHgN]  2,5-Dimethylpyrrole RN 625-84-3 210.6 881, 218.4 914.
600 D ( -2.5) 210.6 93MAU
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C4HgN] CHy=C(CH3)CHoNH, RN 2878-14-0 209.6%% 877.%* 218.2%% 913, %%
209.6%* 79AUE/BOW
[CqHgN] CgHCNHCH, RN 100-61-8 210.3  880. 218.1  912.5
A ( 15.1) 210.3 72BRI/YAM-78LAU/SAL
[C6H13N02] (CH3)2CHCH2CH(NH2)COOH 210.3 879. 218.1 912.5
(L-Leucine) RN 61-90-5
500 F ( 6.0) 208.5 79MAU/HUN
A ( 14.7) 210.3 83MCI
[C1oHjgRu] (C5Hg) ;Ru RN 1287-13-4 218%% 912%%
320 A ( 14+2) 81STE/BEA
[BrCSH4N] Pyridine,4-Br RN 1120-87-2 210.1* 879.* 217.9* 912.*
210.1* 76AUE/WEB (2)
[C3HgN] n-C3H5NH,y RN 107-10-8 210.1 879. 217.9 912.
535 c ( 0.0) 210.1 79MAU
300 C ( 0.0) 210.1 73AUE/WEB
320 A ( 14.1) 209.7 83TAF
320 A { 13.9) 209.5 75TAF-75ARN
A { 14.4) 210.0 83MCI
300 B ( 4.4) 210.1%* 76AUE/WEB
300 B { 3.9) 209.6 72AUE/WEB
[C5C1H4N] 4-Chloropyridine RN 626-61-9 210.0 879. 217.8 911.
320 a ( 14.4) 210.0 TAFT
320 A ( 14.1) 209.7 75TAF-75ARN
210.0%* T6AUE/WEB (2)
[clBHIZ] Tetracene RN 92-24-0 210.4 880. 217.8 911.
550 A ( 14.8) 210.4 80MAU
[C3FHgN] FCH,CH,CH/NH, RN 462-41-9 210.3* 880.* 217.8* 911.%*
210.3%% 79AUE/BOW
[C4CLlHGNO] 6-Chloro-l-methyl-2(1H)pyridinone 210.0 879. 217.8 911.
RN 17228-63-6
300 B ( 4.3) 210.0 79AUE/BET
[C5HgNO3] CH3CONHCH,COOCH; RN xXxxX 205.8  861. 217.7  91l.
(Key) 205.8 83MAU
[C7HgNO] 3-CH30CGH4NH, RN 536~90-3 209.8  878. 217.6  910.
600 F ( 7.3) 209.8 81LAU/NIS
[CyqH120] 4-CH30CgH, (CCH3CH,) RN 1712-69-2 209.6 877. 217.4 910.
320 A ( 14.0) 209.6 TAFT
[C7H7N0] 1-(4-Pyridinyl)-ethanone 209.6 877. 217.4 910.
RN 1122-54-9
320 A ( 14.0) 209.6 TAFT
209 .6%* 79AUR /BOW
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C7H7NOJ l-(3~-Pyridinyl)-ethanone 20Y.4 8/6. 217.2 909.
RN 350-03-8
320 A ( 13.8) 209.4 TAFT
[CgH 504P] OP(OCyHg) 5 RN 78-40-0 ~209.5 7877 217 910
300 (Key) ~209.5 80HOD/MCD
[C5H11N02] (CH3)2CHCH(NH2)COOH 209.2 875. 217.0 908.
(L~Valine) RN 72-18-4
500 F ( 5.4) 207.9 79MAU/HUN
A ( 13.96) 209.2 83MCI
[CoHoN] CoHgNH, RN 75-04-7 208.5 872, 217.0 908.
320 A (12.8) 208.4 72HEN/TAA-T72ARN/JON
320 a (12.7) 208.3 75TAF-75ARN-83TAF
A ( 12.7) 208.3 83MCI
300 B ( 2.2) 207.9 72AUE/WEB
300 B ( 2.7) 208.4 75AUE/WEB (2)
300 B ( 3.9) 208.7* 76AUE/WEB
550 A ( 12.0) 207.2 80MAU
320 G ( 0.0) 208.5 74STA/BEA
535 G ( 0.0) 207.6 79MAU
[C4HyN,S8,] Dithiouracil RN 2001-93-6 =209 ~874 217 ~907
(br) ~209 75WIL,/MCC
[C5H4N4O] Hypoxanthine RN 68-94-~0 “209 ~874 217 ~907
(br) ~209 75WIL/MCC
[C1gHgN] 1-Naphthylenamine RN 134-32-7 209.1 875. 216.9 907.5
600 A ( 14.0) 209.1 78LAU/SAL
[C4HgNO]} Dimethylacetamide RN 127-18-5 209.0 874. 216.8 907.
320 A ( 13.4) 209.0 7STAF
320 A ( 12.8) 208.4 83TAF
[C;HgN] CgHGCH,NH, RN 100-46-9 209.0 874. 216.8 an7.
320 A ( 13.2) 208.8 TAFT
211.3%% 79AUE/BOW
[CgHgNO] 1-Methyl-2-pyrrolidinone 209.0 874. 216.8 907.
RN 872~50-4
300 B ( 3.3) 209.0 79AUE/BET
[C3H4NO3] L-Serine RN 302-84-1 209.0 874, 216.8 907.
A ( 13.4) 209.0 83MCI
[CyH,NO,] L-Aspartic Acid RN 617-45-8 208.9 874. 216.7 907.
A (13.3) 208.9 B3MCI
[CgFHyN] 4-Fluoropyridine RN 694-52-0 209.2 875. 216.6 906.

320 A ( 13.6) 209.2

209.1**
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C9H11N02] CGHSCHZCH(NHZ)COOH 208.7 873. 216.5 906.
(L-Phenylalanine) RN 150-30-1
500 F ( 6.2) 208.7 79MAU/HUN
A ( 16.7) 212.3 83MCI
[CgHy5] (c-C3Hg) ,C=CHy RN 822-93-5 208.7 873. 216.5 906.
300 ZZ ( 8.7) 208.7 77WOL/ABB
209 .5%%* 79AUE/BOW
[CgHgNO,] L-Glutamic Acid RN 617-65-2 208.7 873. 216.5 906.
A ( 13.1) 208.7 83MCI
[CoH,P] (CH3) ,PH RN 676-59-5 208.6 873. 216.3 905.
320 A ( 12.9) 208.7 74STA/BEA
[CgHoN] (HCCCH,) ,NH RN 6921-28-4 208.3 872. 216.1 904.
320 A (12.7) 208.3 TAFT
{CipHy6] 1,5,5-Trimethyl-3-methylenecyclo- 207.7%* 869, %% 216.1*%% 904 .**
hexene RN 16609-28-2
207.7%% 79AUE/BOW
[C6H8N2] 1,4-C6H4(NH2)2 RN 106-50-3 208.1 870. 215.9 903.
600 F ( 5.6) 208.1 81LAU/NIS
[CgClHgNO] 2-Chloro-6-methoxypyridine 208.1 870. 215.9 903.
RN 17228-64-7
B ( 2.4) 208.1 79AUE/BET
[C3H7N] H,C=CHCH,NH, RN 107-11-9 207.9 870. 215.8 903,
320 A (12.3) 207.9 TAFT
320 A ( 12.0) 207.6 75ARN
B ( 2.4) 208.1% 76AUE/WEB
[C2HgSn]l (CH3) 2Sn=CH,; RN 82065-00-7 207.4 868. 215.8 903.
320 (11.8) 207.4 3 82PIE/HEH
[CgHgl 1,4-CgHy(=CHy), RN xxxxx 215.7 902.
(br) 81POL/RAI
[CoHgN] Aziridine (Azirane) RN 151-56-4 207.5 868. 215.7 902.
320 A ( 11.86) 207.1 TAFT
320 A ( 11.9) 207.4 75TAF-75ARN
300 B ( 1.7) 207.4 75AUE/WEB (2)
300 B ( 1.9) 207.6% 76AUE/WEB
300 A ( 11.9) 207.5 80AUE/WEB
[C4HyNy] Pyridazine RN 289-80-5 208.8 874. 215.6 902.
(1,2-Diazine)
320 A ( 13.6) 209.2 TAFT
535 c { -0.8) 208.4 79MAU
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CigH1gl (4-CH3CgH,) )C=CHy RN xxxxx 207.6 868. 215.4 901.
22 ( 7.6) 207.6 77WOL /ABB
[CgHgNO] 4-Pyridinecarboxaldehyde 207.4*%% 868.** 215.2%%* 900.**
RN 872-85-5 207.4%* 79AUE/BOW
{BrCgH,N] 3-Bromopyridine RN 626~55-1 207.3 867 215.1 900.
B ( 1.6) 207.3 79AUE/BET
208.5* 76AUE/WEB (2)
[C4F3HgN] CF3CHyN(CH3), RN 819-06-7 207.4 868. 215.0 900.
320 1 ( 11.8) 207.4
207.1%%* 79AUE/BOW
[C3HN] c-C3HgNH, RN 765-30-0 206.6%*% 864 .** 215.0%* 899 %%
206,6** 79AUE/BOW
[CyHjNy] ©-C(CH3) (CyHg)NHNH RN 4901-75-1 207,.1%* 867,** 214.9%*% 899 *%
207 .1%* 79AUE/BOW
[CgHgl 1,2-CgH,y (SCHy), RN XXXXX 207.4 868. 214.8 899.
320 (bx) 207.4 81POL/RAI
[C5C1lH,N] 3-Chloropyridine RN 626-60-8 207.0 866. 214.8 899.
320 A ( 11.5) 207.1 75TAF
A ( 11.5) 207.1 83MCI
300 A ( 12.3) 207.9* 76AUE/WEB (2)
550 A ( 11.5) 206.7 80MAU
[C3H9NO,] L-Alanine RN 56-41-7 206.6 864. 214.8 899.
A ( 11.0) 206.6 83MCI
500 F ( 6.2) 208.7 79MAU/HUN
[BrCgH,N] 2-Bromopyridine RN 109-04-6 207.1 866.5 214.7 898.
B ( 2.1) 207.8 79A0E/BET
207.8% 76AUE/WEB (2)
320 A ( 11.5) 207.1 TAFT
320 A ( 10.8) 206.5 75TAF~75ARN
[C,HgNO] 2-CH;0C¢H,NH, (o-Anisidine) 206.9 866. 214.7 898.
RN 90-04-0
600 A ( 15.1) 210.2 73YAM/KEB
600 A ( 11.8) 206.9 78LAU/SAL
[C;HgNS] 3-CH3SCcH,NH, RN 1783-81-9 206.7 865. 214.5 897.
600 F ( 4.7) 206.7 81LAU/NIS
[C3HgO4PS] SP(OCH3) 3 RN 29952-66-79 206.7 865. 214.5 897.
300 (Key) 206.7 80HOD/MCD
[C5C1HyN) 2-Chloropyridine RN 109-09-1 206.6 864. 214.4 897.
320 A ( 11.0) 206.6 TAFT
320 A ( 10.8) 206.4 /STAF=-75ARN
207.0% 76AUE/WEB (2)
500 A ( 10.0) 205.1 84SHA/BLA
546 G ( -1.0) 206.6 79MAU
550 J:$ { 11.0) 206.2 80MAD
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CgHgN,] Quinoxaline RN 91-19-0 207.3 867. 214.4 897.
535 G ( -0.3) 207.3 T9MAU
[Cy3Hp5N] out-6H-1-Azabicyclo[4.4.4] 206.5 864. 214.3 897.
tetradecane RN XXXxX
320 A ( 10.9) 206.5 81ALD/ARR
[CyF3HgN] CF3(CH,) JNHy RN 819-46-5 206.5 864. 214.3 897.
320 A ( 10.9) 206.5 TAET
320 A (10.7) 206.3 75TAF-75ARN
206,9%** 79AUE/BOW

[C;HgNO] 4-CH;0CgH,NH, RN 104~94-9

320 A ( 10.9) 206.5

206.6%*
[C5FHyN] 3~Fluoropyridine RN 372-47-4

320 A ( 10.6) 206.2

207.0%*

[C3H,NO,5] L-Cysteine RN 3374-22-9

A ( 10.9) 206.5
LCgH4NO] 2-(OH) CgHyNHy RN XXXXx
600 F ( 3.9) 206.4

[CHNO] 3-(OH)CgH,NH, RN 591-27-5

600 F ( 3.9) 206.4
[CHN] CHyNH, RN 74-89-5
300 B ( 0.0) 205.7
300 B ( 0.0) 205.7
300 B ( 0.0)  205.7%
320 B ( 0.0) 205.7
320 A ( 9.8) 205.4
320 . A ( 10.1)  205.7
382 F ( 2.65) 205.2
A ( 9.8) 205.4
600 A ( 10.0)  205,1
600 A ( 10.8)  205.9
[CHgN,] CH3NHNH, RN 60-34-4
206.3%*
[CgHyjN] 3-C,HLCcH NH, RN 587-02-0
600  F ( 3.7) 206.2

[CcHygl 1.3.3-Trimethvlcyclopropene
RN 3664-56-0

206, **
[C2H5N] CH3CH—NH RN 20729-41-3
{br) 206.1
(br) 206.1

206.5 864.

206.2 863.

206.5 864.

Z206.4 864.

206.4 864.

205.7 861.

206.3** 863*%

206.2 863,

206.*%* B862.%*

206.1 862.

214.3 897.

775UM/POL-81TAA/SUM
79AUE/BOW

214.3 897.

TAFT
76AUE/WEB (2)

214.3 897.

83MCI
214.2 8Y6.

81LAU/NIS
214.2 896.

81LAU/NIS
214.1 896.

72AUE/WEB

75AUE/WEB

76AUE/WEB

75HOD/BEA

75TAF-83TAF

72HEN/TAA~72ARN/JON

79LOC/HUN

83MC1I

78LAU/SAL

72BRI/YAM
214.1%* 896,.**

79AUE/BOW
214.0 895.

81LAU/NIS

214.**% BYS**

79AUE/BOW
213.9 895,

81ELL/DIX
79ELL/EAD
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
¥cal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[c15H12] 9~-Methylanthracene RN 779-02-2 206.1 862. 213.9 895.
550 A ( 10.9) 206.1 80MAU
[C6H9039] 2,8,9-Trioxa-l~phosphadamantane 206.0 862. 213.8 894,
RN 281-33-4
(Key) 206.0 80HOD/HOU
[C5Hy 50,1 CH30(CH,)30CH3 RN 17081-21-9 204.8  857. 213.8 894,
300 (Key) 204.8 83MAU
[CgHy1N05] (CH3) oNCOOC,Hg RN 687-48-9 205.9  861. 213.7  894.
320 A ( 10.3) 205.9 TAFT
[C7HgN] 4-CH3CgH4NH, RN 106-49-0 205.9  861. 213.7 894,
320 A ( 10.1) 205.7 77SUM/POL~81TAA/SUM
320 A (10.7) 206.3 ) 7SARN
[C8H802] 4~-CH30CgH,CHO RN 123-11-5 205.7 861. 213.5 893.
320 A ( 9.9) 205.5 TAFT
320 A ( 10.4) 206.0
[C7H9N] 3—CH3C6H4NH2 RN 108-44-1 205.6 860. 213.4 893.
320 A { 10.1) 205.7 75TAF-77SUM/POL
600 F ( 3.0) 205.5 81LAU/NIS
[CgHy3N] 3-CHCgH4N(CH3), RN 121-72-2 205.6  860. 213.4 893,
320 F { 3.0) 205,9 77POL/DEV
A ( 10.0) 205.6 83MCI
[AsC3Hgl (CH3)3As RN 593-88-4 205.6 860, 213.4 893,
320 B ( 0.1) 205.6 75HOD/BEA
[C3H3NS} Thiazole RN 288-47-1 205.4 859. 213.2 892.
600 (Key) 205.4 83MAU
[CgHyg09] CH3COCH,CH,COCH; RN 110-13-4 201.5  843. 213.2 - 892.
300 {Key) 201.5 83MAU
[C7H12] (CH3) oC=CHC (CH3)=CH,; RN XXXXX 204.3*%* 855, 213.1*% 892,
204,.3** 79AUE/BOW
{CgHyl o-Benzyne RN XxxxX 205.7 861. 213.0 891.
{bxr) 205.7 80POL/HEH
[CgF3HyN] 4-Trifluoromethylpyridine 205.0 858. 212.8 890.
RN 3796-24-5
320 D ( -11.7) 201l.4 72TAA/HEN
320 A ( 9.4}y 205.0 83TAF
320 A ( 9.3) 204.9 75TAF-75ARN
205,2% J6AUK/WEB (2)
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CgHgNyl 1,2-CgHy (NHy) 5 RN 95-54-5 206.4 864. 212.8 890.
600 F ( 3.9) 206.4 81LAU/NIS
[CgHygS]  (t-C4Hg)2S RN 107-47-1 205.0  858. 212.8 890,
320 A ( 9.9) 205.0 TAFT
[C3H703P] 2-Methoxy~1,3,2-dioxaphos- 204.9 857. 212.7 890.
pholane RN 3741-36-4
320 (Key) 204.9 80HOD/HOU
[CgF3H4N] 3-Trifluoromethylpyridine 204.8 857. 212.6 889.
RN 3796-23-4
320 A ( 9.2) 204.8 75TAF-75ARN
205.0% 79AUE /BOW
[CZFHGN] CH2FCH2NH2 RN 406-34-8 204.5 856. 212.3 888.
320 A ( 8.7) 204.3 75TAF-75ARN
204 .6%% 79AUE/BOW
[C3H904P] OP(OCH3)3 RN 512-56-1 204.2 854. 212.0 887.
300 (Key) 204.2 : 80HOD /MCD
202.0 213.5 893, ***82PIE/HEH
[C4H; 0,1 HO(CHy) 4OH RN 110-63-4 198%*  g2g*x 212%%  8g7**
198*%* 79AUE/BOW
[C3H5N] l-Azabicyclo[l.1.0]butane 204+** 853** 212%* 887**
RN 19540-05-7
300 T ( 24.0) ~202. 75AUE/WEB (2)
204 ** 79AUE/BOW
[CgHg] 1—Methyl—3-methy1enecyclobutene 204%%* 853** 212%% 887%*
RN 15082-13-0
204** 79AUE/BOW
[C7H50,Rh] (CgHg)Rh(CO), RN 12192-97-1 212%*  g87.**
320 A ( 8+2) 81STE/BEA
[Cy4Hyp] (CgHg) ,C=CH, RN 530-48-3 204.1 854, 211.9  887.
320 A ( 8.2) 203.8 75TAF
320 A ( 8.5) 204.0 75WOL /HAR
320 22 ( 4.1) 204.1 77WOL/ABB
204.0*%* 79AUE/BOW
[CgHgO,} 1,3-Cyclohexanedione RN 504-02-9 204.5 856. 211.9 886.
300 (Key) 204.5 83MAU
LCoH5NOy] NHpCHo,COOH (Glycine) RN 56-40-6 203.7 852, 211.6 885.
382 B ( +1.2) 203.7 79LOC/HUN
A ( 8.2) 203.8 83MCI
500 F ( 0.0) 202.5 79MAU/HUN
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CgF3HyN] 2-Trifluoromethylpyridine 203.6 852. 211.5 885.
RN 368-48-9
320 A ( 8.0) 203.6 75TAF
[CygHyp] Perylene RN 198-55-0 204.3 855, 211.4 884,
550 A ( +9.1) 204.3 80MAU
[C3HoNO] (CH3) NCHO RN 68-12-2 203.6 852, 211.4 884.
320 A ( 8.0) 203.6 75TAF
204 ,6%* 79AUE/BOW
382 F ( 0.95) 203.6 79LOC/HUN
[C2H6OS] (CH3)ZSO RN 67-68-5 203.5 851. 211.3 884.
320 a ( 7.7) 203.3 75TAF-83TAF
(br) 177. 77MCA
600 A ( 8.5) 203.6 79LAU
[C4HgN,] NCCH,N(CH3), RN 926-64-7 203.3 851. 211.1 883.
320 A ( 7.7) 203.3 TAFT-75ARN
[CygHp] 4-CH3C4H,C(CH3)CH, RN 1195-32-0  203.2  850. 211.0  883.
320 A ( 7.6) 203.2 TAFT
[Cy3H; 0] (CgHg) ,CO RN 119-61-9 203.1  '850. 210.9  882.
320 A ( 7.5) 203.1 83TAF
[C3HgN] HCCCH,NH, RN 2450-71-7 203.0  849. 210.8  882.
320 A ( 7.4) 202.9 TAFT
203, 1%* 79AUE/BOW
[C7H100] (c—C3H5)2CO RN 1121-37-5 202.9 849. 210.7 881.5
320 2% ( 2.9) 202.9 83TAF
320 U ( 9.8) 198.7 81BRO/ABB
[C3F3H6N] CF3CH2CH2NH2 RN 460-39-9 202.8 849, 210.6 881.
320 A ( 7.4) 202.9 TAFT
320 A ( 7.2) 202.7 75TAF~75ARN
203,4** 79AUE/BOW
[CuFH4N] 2 Fluoropyridine RN 372-40-5 202.8  ©849. 210.6  881.
320 A ( 7.4) 202.9 TAFT
320 A ( 7.2) 202.7 75TAF-75ARN
A ( 7.3) 202.8 83MCI .
204.0 76AUE/WEB (2)
382 F ( 0.35) 202.8 79LOC/HUN
500 A ( 6.6) 201.7 84SHA/BLA
[CgHy 4] (CH3) ,C=C(CH3)C(CH3) =CH, 201.8** 844, ** 210.6** 881.%**
RN XXXXX :
201.8** 79AUE/BOW
[C4HyNy] Pyrimidine (1,3-Diazine)RN 289-95-2 203.5 851. 210.5 881.
320 A ( 8.0) 203.6 TAFT
510 G ( -4.2) 203.4 79MAU
[C35H 2] 2-Methylanthracene RN 613-12-7 202.5 847. 210.3 880.
550 A ( +7.3) 202.5 80MAU
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CgHyN,] 4-Pyridinecarbonitrile RN 100-48-1 202.5 851. 210.3 880.
320 A ( 6.5) 202.1 75TAF-75ARN
202,.8% 76AUE/WEB (2)
[C5HgO3P] 4-Methyl-3,6,7-trioxa-1-phospha- 202,2 846. 210.0 879.
bicyclo[2.2.2]-octane RN 1449-91-8
320 (Key) 202.2 80HOD/HOU
[C4H9NO] n-C3H7NHCH0 RN 6281-94-3 202,2%* 846. 210.0** 879,
202,2%* 79AUE/BOW
[Clor'erilol (C5H5)2Ee RN 102-54-5 ~202 ~845. ~210 ~“879.
(br) ~202 75F0S/BEA
[C3F3H6N] CFBCBZNHCH3 RN 2730-67-8 202.2 846. 209.8 878.
320 A ( 6.3) 201.9 75TAF
202.4%% 79AUE/BOW
[C3H4N2] Pyrazole RN 288-13-1 202.0 845, 209.8 878.
600 (Key) : 202.0 83MAU
[C6H14S] (i-C3H7)ZS RN 625-80-9 201.8 844. 209.6 877.
320 A ( 6.2) 201.8 TAFT
202.0%** 79AUE/BOW
[C6H7N] CGHSNHZ RN 62-53-3 202.5 847. 209.5 876.
320 F ( 0.0) 202.8 77POL/DEV
382 F ( 0.0} 202.5 79LOC/HUN
500 F ( 0.0) 202.5 79MAU/HUN
600 F ( 0.0) 202.5 81LAU/NIS
320 A ( 7.2) 202.8 75TAF-75ARN
320 A { 6.9) 202.5 83TAF
550 G { -5.2) 202.4 79MAU
550 A { +5.8) 201.0 80MAU
600 A ( 6.9) 202.0 78LAU/SAL
600 J { 25.6) 201.2 76LAU/KEB
600 A ) ( 8.9) 203.5 72BRI/YAM
[CgHyNy] 3-Pyridinecarbonitrile RN 100-54-9 201.5 843. 209.3 876.
320 A ( 5.6) 201,2 TAFT
3290 A ( 5.9) 201.5 7STAF-75ARN
201.7* 76AUE/WEB (2)
[CgHgO] 2,5-Dimethylfuran RN 625-86-5 201.3 842, 209.1 875.
600 (Key) ’ 201.3 83MAU
[C4HyN,] Pyrazine (1,4-Diazine) RN 290-37-9 201.2 842, 209.0 874.
320 a ( 5.6) 201.2 TAFT
550 G ( -6.0) 201.2 7TIMAU
[CgHyg] c-C3HC(CH4)=CH, RN 4663-22-3 201.2 842. 209.0 874.
320 A ( 5.6) 201.2 TAFT
200,9** 79AUE /BOW
[CgH1g0] (sec-C4Hg),0 RN 6863-58-7 201.2  842. 209.0 874.
335 XX ( 6.7) 201.2 82MAU
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
ICGHGIN] 3-ICgH,NH, RN 626-01-7 20L.1  s84l. 208.9  874.
600 F ( ~0.9) 201.1 81LAU/NIS
[C5H6N202] Thymine RN 65-71-4 201.0 841. 208.8 874.
550 G ( -6.6) 201.0 79MAU
(br) ~200 75WIL/MCC
[C7H O] (i-C3H)O(t=C4Hg) RN 17348-59-3 201.0%* 841, ** 208.8%% 874, %%
201.0%* 79AUE /BOW
[CgH}0] (4-CH3)CgH, COCHy RN XXXXX 200.9 840.5 208.7 873.
320 A ( 12.0) 200.9 81BRO/ABB
[CgH}gS] (n-CyHg),S RN 544-40-1 200.9 840.5 208.7 873.
300 (Key) 200.9 83MAU
[CECLHGN] 4-ClCGH,NH, RN 106-47-8 201.0  84l. 208.6 873,
320 A ( 5.1) 200.7 TAFT
320 A ( 5.4) 201.0 75TAF-75ARN-77SUM/POL
[C5HyN,0,] 4-Nitropyridine RN 1122-61-8 200.7 840. 208.5 872.
320 D (-18.1) 194.9 72TAA/HEN
320 . A ( 5.0) 200.6 TAFT
320 A ( 5.2) 200.8 75TAF-75ARN
201.7*% 79AUE/BOW
{PPLIVY 1,12-Benzoperylene RN 191-24-2 201.1 841. 208.5 872.
550 A ( 5.9) 201.1 80MAU
[C3H3N0] Oxazole RN 288-42-6 200.6 839. 208.4 872.
600 (Key) 199.2 83MAU
[C4HgO] CoHgOCH=CH, RN 109-92-2 200.4 838. 208.2 871.
600 (Key) 200.4 83MAU
[CghyNy] 2-Pyridinecarbonitrile KN 100-70-3 200.3 838. 208.1 871.
320 A C o 4.3)  199.9 TAFT
201.1* 76AUE/WEB(2)
500 F ( -1.9) 200.6 79MAU/HUN
[BICGHSN] 3—BrC6H4NH2 RN 591-19-5 200.3 838. 208.1 871.
600 F ( =-2.2) 200.3 81LAU/NIS
[CcFHgN] 4-FCgHyNH, RN 371-40-4 200.3 838, 208.1  871.
320 A ( 4.6) 200.2 81TAA/SUM
320 A ( 5.0) 200.6 75TAF-75ARN
[C10H14N205] Thymidine RN 50-89-5 ~200 ~837 T208 870
(br) ~200 75WIL/MCC
[CoHy,N,0.] Uridine RN 58-96-8 ~200 ~837 ~208 ~870
(br) ~200 75WIL/MCC
[CgH14N,0¢] 5,6-Dihydrouridine RN 5627-05-4 ~200  ~837 ~208 ~870
(br) ~200 75WIL/MCC
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Table 1. Gas phase basicities and proton affinities--Continued

T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CyoH1gN20g)] 2',3"-0O-Isopropylideneuridine 7200 ~837 ~208 ~870
RN 362-43-6
(br) ~200 75WIL/MCC
{C4Hy4N,0] 2 (1H)-Pyrimidinone RN 557-01-7 ~200 ~837 ~208 ~870
(br) 200 75WIL/MCC
[C4HyN5O,y] Uracil RN 66-22-8 ~200 ~837 208 ~870
(br) 200, 75WIL/MCC
[C5H3C1N,] 6-Chloropurine RN 87-42-3 =200 ~837 ~208 ~870
(br} ~200 75WIL/MCC
[CgHyg] CH3CH=CHC(CH3)=CH, RN 1118-58-7 199.9%*% 836.** 207.9%% 870.%*
199.9%* 79AUE/BOW
[C5HgOy]  CH3COCH=C (OH)CHy RN 123-54-6 199.3  834. 207.8  869.
320 A ( 3.7) 199.3 TAFT
300 {Key) 199.2 83MAU
200.1** 79AUE/BOW
[C4HgN] Pyrrole RN 109-97-7 200.3 . 838. 207.6 868.
201.6%% ) 79AUE/BOW
550 G ( -6.4) 200.8 79MAU
600 A ( 5.6} 200.3 79LAU
600 A ( 7.15) 201.8 73YAM/KEB
[CoFHgN] CF,HCH;NHy RN 430-67-1 199.8 836. 207.5 868.
320 A ( 4.0) 199.6 TAFT
320 A ( 4.2) 199.8 75TAF-75ARN
200.0** 79AUE/BOW
[C3HgO] CH,=CHOCH3 RN 107-25-5 199.6 835. 207.4 868.
600 {Key) 199.6 83MAU
[CyoHyg]l (CH3)¢Cg RN 87-85-4 200.0 837. 207.3 867.
320 27 ( 0.0) 200.0 77WOL/ABB
320 a ( 4.2) 199.8 83TAF
320 J ( 25.1) 199.7 76WOL/DEV
320 A ( 4.8) 200.4 75WOL /HAR
[CgClHgN] 3-Chlorobenzeneamine RN 108-42-9 199.4 834, 207.2 867.
320 A { 4.5) 200.0 75ARN
320 a ( 4.0) 199.6 77SUM/POL
600 a { 3.6) 198.8 79LAU
600 F { =3.1) 199.4 81LAU/NIS
[CaH703P] (CH30) HPHO RN 868-85-9 207.2 867.
(br) (PA associated with P-protonation: 213.5 kcal/mol) 82PIE/HEH (2)
[C4F,H4NO] CF,HCON(CH3); RN 667-50-5 207.2 867.

**82PIE/HEH (2)

[C4H,03P]} 2,6,7-Trioxa-l-phosphabicyclo- 200.0 837. 207.1 866.5
[2.2.2]octane RN 280-45-5

320 (Key) 200.0 80HOD/HOU
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C8H12] 2-Methylenebicyclo[2.2.1]heptane 199*=* 833** 207%* 866%*
RN 497-35-8 199%* 79AUE/BOW
[Cl4H10] Anthracene RN 120-12-7 199.9‘ 836. 207.0 866.
550 A ( 4.7) 199.9 80MAU
[B4CyHgl 1,6-CyByHg RN 20693-67-8 199. 833. 207. 866.
(brx) 199. 80DIX
[C6FH6N] 3-Fluorobenzenamine RN 372-19-0 199.2 833. 207.0 866.
320 A ( 3.5) 199.1 77SUM/POL
600 F ( -3.2) 199.3 81LAU/NIS
[CoHy (] CgHgC(CH3)=CH, RN 98-83-9 199.2 833. 207.0 866.
320 A ( 3.6) 199.2 75TAF-75WOL/HAR~78TAF /WOL
320 72z ( -1.0) 199.0 77WOL/ABB
[C3HgN,] H,N(CHy),CN RN 151-18-8 198.1 829. 207.0 866.
320 A ( 2.6) 198.2 TAFT
320 A ( 3.2) 198.7 75ARN
550 G ( -9.6) 198.0 79MAU
550 A ( +2.4) 197.6 80MAU
[C2H6N2] (E]—CH3N=NCH3 RN 4143-41-3 199.1 833. 206.9 866.
(Key) 199.1 74FOS/WIL
(bx) 200 72F0S/BEA
[C9FH9] 4—FC6H4C(CH3)=CH2 RN 350-40-3 199.0 833. 206.7 865.
320 A ( 3.4) 199.0 TAFT
[CgH145] (n-C3Hy) oS RN 111-47-7 198.7  831. 206.5  864.
320 A ( 3.1) 198.7 TAFT
[C9H180] (tert—C4H9)2C0 RN 815-24-7 206.5 864.
*82PIE/HEH(2)
[C,H5NO] CH;CONH, RN 60-35-5 198.4  830. 206.2  863.
320 A ( 3.3) 198.4 ' 73YAM/KEB
[C1¢H1o] Pyrene RN 129-00-0 199.8  836. 206.1  862.
550 A ( 4.6) 199.8 80MAU
[C3HgN,] CH3NHCH,CN RN 5616-32-0 198.2 829. 206.0 862.
320 A ( 2.6) 198.2 TAFT
[CgH7 401 (i-C3H4) ;0 RN 108-20-3 198.4 830. 206.0 862.
320 i : ( 9.7) 198.6 81RRO/ARB
335 XX ( 3.9) 198.4 82MAU
340 H { 10.9) 198.0 80LIA/SHO
198.7** 79AUE/BOW
[CgH 5] 2-Methylbicyclo[2.2.1]hept-2-ene 206. 862,
RN xxxxx
(Key) 76SOL/FIE
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C4Hg] l-Methylcyclopropene RN 3100-04-7 198*%*  828** 206%* 2%
198%* 79AUE/BOW
[CgHyg] CH,=CH(CH3)C(CHy)o RN 16906-27-7 198* 828%* 206* 862*
198%* 79AUE/BOW
[CgCrHgO3] (CgHg)Cr (CO) 3CHy RN 41311-89-1 206%*  862%*
320 A (2.0+2.0) 81STE/BEA
[C,HgNO] HCONHCH3 RN 123-39-7 198.0 828. 205.8 861.
320 3] ( 9.1) . 19R.0 21BRO/ARR
[C4HgNO,] £-C4HGONO RN 540-80-7 197.9  828. 205.7  861.
(br) 197.9 78FAR/MCM
[CSHGS] 2-Methylthiophene RN 554-14-3 197.9 828, 205.7 861.
600 (Key) 197.9 83MAU
[CgH ¢l CH3CH=C(CH3)CH=CH, RN 4549-74-0 107.3%% g25_5k* 205.7*% 861.
197 ,3%* 79AUE/BOW
[CgHgO] 2-Methylfuran RN 534-22-5 197.8 828. 205.6 860.
600 (Key) 197.8 83MAU
[CgHgO] CgH5COCH, RN 98-86-2 197.4  826. 205.4 859,
320 a ( 1.7) 197.3 83TAF
320 9] ( 8.9) 197.8 81BRO/ABB
600 A ( 2.0) 197.1 79LAU
600 F ( -4.7) 197.8 81LAU/NIS
[CgH1 0] 2,2-Dimethyltetrahydrofuran RN xxxx 197.6 827. 205.4 859.
320 s) ( 8.7) 197.6 81BRO/ABB
[CgH1 401 CoHgO(t-C4Hg) RN 637-92-3 197.5  826. 205.3  859.
320 A { 1.9) 197.5 TAFT
[C1pH220] (n-CgHyp) 20 RN 693-65-2 197.9%% 828 .%* 205.2%% 859, %%
197.9%** 79AUE/BOW
[c5H80] c-C3H5C0CH3 RN 765-43-5 197.3 826. 205.1 858.
320 A ( 0.7) 196.3 83TAF
320 U ( 8.4) 197.3
[C4H1051 (CpHg) oS RN 352-93-2 197.2 825, 205.0 858.
320 a ( 1.6) 197.2 TAFT
198,3*%* 79AUE/BOW
[C9C1H9] 4—C1C6H4C(CH3)=CH2 RN 1712-70-5 197.2 825. 205.0 858.
320 A ( 1.6) 197.2 TAFT
[Cy4H;1,] Coronene RN 191-07-1 199.9 836. 205.0 858.
550 A ( 4.3) 199.9 80MAU
ICHZNZJ CH2N2 RN 334-88-3 197. 824. 205. 858.
(br) 197. 72F0S/BEA
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[C1oCrH703] (CgHgCHp)Cr (CO)3 RN 32984-97-7 2u5%=  B5B**
320 A ( 1+2) 81STE/BEA
[C3GeHg] (CH3),Ge=CH, RN 82064-99-1 195.6 818, 204.9 857.
320 A ( 0.9) 196.5 82PIE/HEH
[C4H130,] CHOCH,CH,OCH3 RN 110-71-4 195.8 819. 204.9 857.
300 (Kay) 195.8 83MAU
300 A ( 0.2) 195.3 84SHA/BLA
[C4H) 401 (i-C3H5),CO RN 565-80-0 197.0 824. 204.9 857.
320 ZZ ( -3.9) 196.1 83TAF
320 8] (. 8.1) 197.0 81BRO/ABB
[c6H802] 1,2-Cyclohexanedione RN 765-87-7 197.4 825. 204.8 857.
300 (Key) 197.4 83MAU
[CGHSNOJ Nitrosobenzene RN 586-96-9 197.0 824. 204.8 857.
(br) 197.0 80REE/FRE
{H4Np] HoNNH, RN 302-01-2 196.7 823, 204.7  856.
320 A ( 4.0) 199.6 75ARN
600 (Key) 196.7 83MAU
[C14H18] 1,2,3,4,5,6,7,8-0Octahydro- 195.1 816. 204.7 856.
phenanthrene RN 5325-97-3
550 A ( -0.1) 195.1 80MAU
[C4F3HgN] 3-CF3CgHyNH, RN 98-16-8 196.4 822. 204.2 854,
600 F ( -6.1) 196.4 81LAU/NIS
[CHgP] CH3PH, RN 593-54-4 196.3  821. 204.1 854,
320 A ( -0.3) 195.3 74STA/BEA
320 H 196.3
[CgHgO0l CgHgO radical RN xxxxx ~196 ~820 ~204 ~853
(br) ~196 80DEF/MCI
lH3N] NH3 RN 7664-41-7 195.6 818. 204.0 853.5
Threshold Value 203.6 79CEY/TIE
320 A ( 0.0) 195.6 TAFT
320 A ( 0.0) 195.6 83TAF
320 A ( 0.0) 195.6 77WOL/STA
320 A ( 0.0) 195.6 TSTAF
320 A ( 0.0) 195.6 72HEN/TAA
320 A ( 0.0) 195.6 72ARN/JON
320 A ( 0.0) 195.6 82PIE/HEH
A ( 0.0} 195.6 ‘83MCI
550 A ( 0.0) 195.2 80MAU
600 A { 0.0) 195.1 79LAU
600 A ( 0.0) 195.1 73YAM/KEB
600 A ( 0.0) 195.1 78LAU/SAL
340 i ( 8.3) 195.6 80LIA/SHO
320 H 196.6 77WOL/STA
[C;CoHg0,] (CgHg)Co(CO), RN 12078-25-0 "204%*  B53%*
320 A ( 0%2) 81STE/BEn
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Table 1. Gas phase basicities and proton affinities--Continued
T K Refer- Relative Gas Selected Proton Reference
ence gas basicity gas affinity
base basicity basicity
kcal/mol kcal/mol kcal/mol kJ/mol kcal/mol kJ/mol
[CgHyg0] (n-C4Hg),0 RN 142-96-1 195.9  820. 203.7 852,
196,.6%* 7Y9AUE/BOW
335 XX ( 1.4) 195.9 82MAU
(CgHgU] 4-(CH3)CgHyCHU RN 104~87-0 195.9 820. 203.7 852.
320 A ( 0.3) 195.9 TAFT
[CgH1402] ©-CgHy;CO0CH3 RN 4630-82-4 195.9  820. 203.7 852,
320 A ( =0.7) 194.9 83TAF
320 H 195.9
(CgHgOy] CgHECO,CH3 RN 95-58-3 195.9  820. 203.7 852,
320 U ( 7.1) 196.0 81BRO/ABB
320 i . 195.9
[CgF3H gNO] CF3CONH(n-C4Hg) RN 400-59-9 195.8  819. 203.6 852,
320 A ( 0.2) 195.8 TAFT
[C5H1 0] ©-C4H70(2-CH3) RN 96-47-9 195.8  819. 203.6 852,
320 U ( 6.9) 195.8 81BRU/ABB
[C12H10] Acenaphthene RN 83-32-9 196.4 822. 203,.5 851.
550 A ( 1.2) 196.4 80MaU
[C3HSS] CH3SC2H5 RN 624-89-5 195.7 819. 203.5 851.
320 A ( -0.9) 194.7 TAFT
320 H 195.7
L95,8%% 79RUE/BOW
[C5H120] C2H50(i-C3H7) RN 625-54-7 195.7 819. 203.5 851.
320 A ( =V.9}) 194.7 77WOL/STA